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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Filed: August 31, 2000 



SANFORD M. STEVENSON 



Serial No. 09/652,272 



In re Application of 



Art Unit 1724 



Examiner 




FOR: METHOD FOR REMOVING METAL 
COMPOUNDS FROM WASTE WATER 



Commissioner for Patents 
Washington, D.C. 2 0231 



PUBLIC PROTEST PURSUANT TO 37 C.F.R. § 1.291 



Pursuant to 37 C.F.R. § 1.2 91, the undersigned protests 
pending U.S. Patent Application Serial No. 09/652,272 (the 
"Application"), on the basis that U.S. Patent No. 4,652,381 
("Inglis") (Tab A), issued March 24, 1987, has not been considered 
in its prosecution and that the applicant has not properly 
fulfilled the duty of candor required by 37 C.F.R. § 1.56. 



In accordance with 37 C.F.R. § 1.248, this protest and its 
attachments were served on Louis M. Tarasi, Jr., litigation 
'attorney for the applicant, and Daniel J. Long, prosecuting 
attorney for the applicant, on July 31, 2001. 



The Application was filed on August 31, 2000, claiming 
priority from U.S. Patent Application Serial No. 08/072,412, filed 
May 25, 1993, now U.S. Patent No. 5,370,800 (the "'800 patent"). 
Applicant sued the United States in January 1997 pursuant to 



SERVICE 



BACKGROUND 



2 8 U.S.C. § 14 98, and the undersigned is defense counsel J^a||?^^^ 



litigation. See Chemical Separation Technology, Inc.. etroaj? v. 
United States . 45 Fed.Cl. 513 (1999). On November 
pursuant to Markman v. Westview Instruments. Inc. . 517 U.S. ^9%Jf 
(1996) , the Court issued an oral ruling construing the claims of 
the *800 patent. Transcript (Tab B) . Trial to the Court on 
invalidity was held November 15-17, 2000, but a decision has not 
yet been issued. 

On July 20, 2 001, the applicant notified the Court and the 
undersigned that the Application's Notice of Allowance had been 
mailed. July 20 Letter (Tab C) . The applicant provided a copy of 
the Application's prosecution history to the Court and to the 
undersigned on July 24, 2001. July 24 Letter (Tab D) . Until July 
20, 2001, the undersigned was unaware of the pending Application. 

DISCUSSION 

I . Incflis Renders the Pending Claims Unpatentable 

The Application contains 25 allowed claims, all of which 
depend from claim 7. Claim 7 recites a method of removing copper 
from waste water, comprising simultaneous pH adjustment, aeration, 
and agitation in a reaction tank, followed by polymer addition, 
f locculation, and separation. Claim 7 of the Application is 
substantively identical to claim 1 of the '800 patent, except for 
its limitation to copper, one member of the eight-member Markush 
group recited in the preamble to claim 1 of the '800 patent. 
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Dependent claims 8 through 31 are otherwise identical to dependent 
claims 2 through 25, respectively, of the '800 patent. 

Inglis issued on March 24, 1987, making it prior art to the 
Application under 35 U.S.C. § 102(b). Inglis (Tab A). Like the 
Application, Inglis claims a method of removing copper (among other 
metals) from waste water, comprising simultaneous pH adjustment, 
aeration, and agitation in a reaction tank, followed by polymer 
addition, f locculation, and separation. In fact, Inglis differs 
from Application claim 7 only in that Inglis' copper concentration, 
waste water flow rate, and "dissolved oxygen concentration" are 



lower than that recited in claim 7: 



Application Claim 7 


U.S. Patent 4,652,381 (Inglis) 


A method for removing metal 
compounds comprising copper 
metal compounds from waste 
water comprising the steps of: 


Copper is removed as a 
carbonate salt. Col, 3, 11. 
47-57 . 


(a) adjusting the pH of the 
waste water to from about 5 to 
about 12; 


"pH of the waste water 
contained in the treatment 
tank 28 [is] maintained at a 
pH of from about 4.8 to 5 . " 
Col. 6, 11. 39-41. 

pH of wastewater leaving 
reactor is "in the order of 5 
to 7'» Col- 7, 1. 12. 


(b) aerating the waste water; 


"Air is sparged continuously 
into the interior of treatment 
tank 28" Col. 6, 11. 11-12. 
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(c) agitating the waste water, 
where steps (a) , (b) , and (c) 
are carried out simultaneously 
in a reaction tank and waste 
water is aerated in said 
reaction tank to provide a 
dissolved oxygen concentration 
at from about 0.01 Ib./hr, to 
about 70 Ibs./hr. at a .waste 
w^tpr inDiit flow rate of from 
about 50 gal./min. to about 
500 gal./min. for a copper 
metal concentration of from 
about 50 mg/1. to about 1,000 
mg/1 . 


"Air is sparged continuously 
into the interior of treatment 
tank 28 through line 3 8 to 
effect some mixing of the 
liquid" Col. 6, 11. 11-13. 

"the present method treats 

I, 200 gallons a day" Col. 3, 

II. 64-65. 

"copper can be as high as 10 
ppm." Col. 5, 11. 43-44. 


(d) then adding a flocculating 

Cl^^llL> ^^XjrllL^X. Od-^^L>C\.^ X_ J_ Will CI 

group consisting of cationic 
and anionic polymers to the 
water and allowing floccules 
including said copper metal 
compounds to form; and 


"an anionic polyelectrolyte 
f locculant contained in tank 
92 is pumped via line 94 into 
the final treatment tank 50." 
Col. 7, 11. 58-60. 


(e) then separating said 
floccules including said 
copper metal compounds from 
the water. 


"the contents of final 
treatment tank 50 are allowed 
to settle" Col. 7, 11. 64-65. 



Nothing in Inglis suggests that a higher flow cannot be 
processed, or that the specific operating parameters are 
significant. Inglis' preferred embodiment employs batch 

processing, but it may also be used continuously. Col. 5, 1. 54. 
Since the copper concentration and waste water flow rate depend on 
conditions of use, higher operating ranges - for example, "about 50 
gal./min." flow rate and "about 50 mg/1." metal concentration - are 
inherent. Moreover, the "dissolved oxygen concentration" is 
inherently adjustable and dependent, in part, on the concentration 
of oxidizable metals in the waste water. Col. 6, 11. 14-16. 
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Indeed, that Inglis* claims say nothing about operating parameters 
strongly suggests that those parameters are not crucial. Inglis 
therefore anticipates claim 7 of the Application. 

This conclusion is bolstered by the Courtis construction of 
the claims of the '800 patent. Specifically, the Court concluded 
that the listed operating ranges "are not intended as limitations 
on the patent." Transcript at 414:24-25 (Tab B) . That is, any 
flow rate and any metal concentration satisfy the requirements of 
claim 1 of the *800 patent, and the same must also be true of claim 
7 of the Application. Thus construed, the sole difference between 
Inglis and claim 7 is no difference at all, and claim 7 is 
anticipated. 

Dependent claims 8, 12, 27, and 2 8 are similarly anticipated 
by Inglis: belt filter 64 performs the "further dewatering" of 
claim 8, treatment tank 50 functions as the clarifier of claim 12, 
and anionic polymer is added to treatment tank 50, which performs 
both the clarification required by claim 2 7 and the settling 
required by claim 28. Finally, the other dependent claims of the 
Application are obvious variations of claim 7, since they simply 
recite different configurations of equipment well known in the art. 
This was the examiner's conclusion during prosecution of the '800 
patent, when all claims were initially rejected as obvious over 
various combinations of prior art water treatment systems. '800 
File at D024746-50 (Tab E) . The same is true of the present 
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Application, and dependent claims 8-31 thus fall with claim 7. 
II . The Applicant has not Properly Satisifed his Duty of Candor 

On May 14, 2001, six days after reaching agreement with the 
examiner regarding the claim language, and three days before the 
Notice of Allowance issued, the Applicant filed a Supplemental 
Information Disclosure Statement- The Statement cites three prior 
art references: Inglis, the "EPA Design Manual Neutralization of 
Acid Mine Drainage," and a pre-critical date "request for a quote 
based on drawings." May 14 Information Disclosure Statement. All 
three references were known to the Applicant before the filing date 
of the Application, since they are the subject of litigation in 
Chemical Separation Technology v. United States . The "request for 
a quote" creates an on sale bar, as discussed in the co-pending 
Petition for Public Use Proceeding, and was the principal issue in 
Chemical Separation Technology , 45 Fed. CI. 513, where the Court 
held that a pre-critical date, non- experimental offer for sale of 
an embodiment of the claims of the *800 patent had been made. The 
EPA Design Manual was discussed at length in the June 22, 2000 
report of John A. Roth, the expert witness who testified at trial 
on behalf of the Applicant. Roth Expert Report at 6-11 (Tab F) . 
Inglis was discussed in detail in the Supplemental Declaration of 
Daniel Dupon (expert witness for the defense) , which was completed 
June 30, 2 000 and delivered to the Applicant on July 7, 2 000. 
Dupon Expert Report and Cover Letter (Tab G) . The Information 
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Disclosure Statement fails to mention the Court of Federal Claims' 
November 14, 2000 construction of virtually identical claim 
language in the *800 patent. Transcript (Tab B) . 

37 C.F.R. § 1.56 requires inventors to disclose "all 
information known to that individual to be material to 
patentability. " The three prior art references were not disclosed 
until after reaching agreement with the examiner and, thus, after 
prosecution was effectively complete , even though all three were 
known to the inventor long before the filing of the Application. 
They are clearly highly material; in fact, the Applicant has 
attempted to offer the Application's Notice of Allowance to the 
Court as evidence of the validity of the ^800 patent over all three 
references. July 20 Letter (Tab C) . 

Waiting until prosecution is complete before submitting highly 
material prior art does not constitute a proper discharge of the 
Applicant's duty of candor. Just as "'burying' a particularly 
material reference in a prior art statement containing a 
multiplicity of other references can be probative of bad faith, " 
delaying disclosure until it is effectively too late for the 
examiner to consider it evidences an intent to subvert the 
examination. Molins, PLC v. Textron, Inc. , 48 F.3d 1172, 1184 
(Fed. Cir. 1995). Similarly, the failure to disclose the Court's 
construction of the virtually identical claims of the '800 patent 
demonstrates the Applicant's disregard of his duty of candor and 
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lack of respect for both the Court and the examiner. All claims of 
the Application should be rejected for violation of that duty, in 
accordance with 37 C.F.R. § 1.56(a). 

Respectfully submitted, 

VITO J. DiPIETRO 
Reg. No. 22,781 
Director 

CAMERON ELLIOT 
Reg. No. 45,53 9 
Commercial Litigation Branch 
Civil Division 
Department of Justice 
Washington, D.C. 2 053 0 
Telephone: 2 02-3 07-0333 

Petitioner 

A) U.S. Patent No. 4,652,381 

B) Markman hearing transcript 

C) July 20 Letter 

D) July 24 Letter 

E) File wrapper excerpts, 

U.S. Patent No. 5,370,800 

F) Roth expert report 

G) Dupon expert report 
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July 31, 2001 



Of Counsel : 

THOMAS J. BYRNES 

Attorney 

Reg. No. 22,105 



Attachments : 




THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Art Unit 1724 



In re Application of 

SANFORD M. STEVENSON ) W y 

) Examiner : P . Hruskoci / 
Serial No. 09/652,272 ) O/ 

Filed: August 31, 2000 

FOR: METHOD FOR REMOVING METAL 
COMPOUNDS FROM WASTE WATER 

Commissioner for Patents 
Washington, D . C . 2 0231 

PETITION TO INSTITUTE PUBLIC USE PROCEEDING 
PURSUANT TO 37 C.F.R. § 1.292 

Pursuant to 37 C.F.R. § 1.2 92, the undersigned petitions to 

institute a public use proceeding regarding pending U.S. Patent 

Application Serial No. 09/652,272 (the "Application"), on the basis 

that its claims are anticipated or rendered obvious by an offer for 

sale and a public use more than one year prior to May 25, 1993, 

SERVICE 

In accordance with 37 C.F.R. § 1.248, this petition and its 
attachments were served on Louis M. Tarasi, Jr., litigation 
attorney for the applicant, and Daniel J. Long, prosecuting 
attorney for the applicant, on July 31, 2 0 01. 

BACKGROUND 

The Application was filed on August 31, 2000, claiming 
priority from U.S. Patent Application Serial No. 08/072,412, filed 
May 25, 1993, now the *800 patent. Applicant sued the United 
States in January 1997 pursuant to 28 U.S.C. § 1498, and the 
undersigned is defense counsel in that litigation. See Chemical 




Separation Technologv, Inc., et al . v. United States , 45 Fed. CI. 
513 (1999) (Tab D) . Trial to the Court was held November 15-17, 
2000, but a decision has not yet been issued. 

No later than January 1991, the applicant operated a 
commercial water treatment plant near Indiana, Pennsylvania, which 
the parties in litigation have called the "Keystone Plant." Review 
and Documentation of the GST Industrial Wastewater Treatment System 
("Keystone Report") (Tab A). In April 1992 the applicant offered 
for sale the "Portable Interim Treatment System" ("PITS"), a water 
treatment plant designed to remove copper from waste water. April 
16, 1992 Letter (Tab B) . It has been plaintiff's position that the 
PITS was within the scope of all 25 claims of U.S. Patent No. 
5,370,800 (the "'800 patent"), the parent of the present 
Application. Affidavit at If 3 (Tab C) . 

DISCUSSION 

The Application contains 25 allowed claims, all of which 
depend from claim 7. Claim 7 recites a method of removing copper 
from waste water, comprising simultaneous pH adjustment, aeration, 
and agitation in a reaction tank, followed by polymer addition, 
f locculation, and separation. Claim 7 of the Application is 
substantively identical to claim 1 of the '800 patent, except for 
its limitation to copper, one member of the eight -member Markush 
group recited in the preamble to claim 1 of the '800 patent. 
Dependent claims 8 through 31 are otherwise identical to dependent 
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claims 2 through 25, respectively, of the '800 patent. 

A public use proceeding is justified if the petitioner makes 
a prima facie showing that the claimed invention was in public use 
or on sale before the critical date, that is, more than one year 
before the filing of the application from which priority is 
claimed. 37 C.F.R. § 1.292(a). Two activities warrant a public 
use proceeding here: the commercial offer to sell the PITS, and 
the public use of the Keystone Plant. 
I . The PITS Offer Creates an On Sale Bar 

In deciding a motion for summary judgment of invalidity of the 
^80 0 patent, the Court of Federal Claims ruled that the PITS was 
offered for sale before May 25, 1992, and that the experimental use 
exception did not apply. Chemical Separation Technology , 45 
Fed.Cl. at 517-18 (Tab D) . This conclusion was based in part on 
correspondence between the applicant and his customer, documenting 
the design of the PITS and the expected results. April 16, 1992 
Letter (Tab B) ; May 15 Letter (Tab E) ; May 15 Letter (Tab F) . The 
only issue unresolved by the Court's summary judgment opinion was 
the date the claims of the '800 patent were ready for patenting. 
45 Fed.Cl. at 518. 

The present Application is identical to the '800 patent, 
except that the claims are limited to removal of copper, one of the 
metals the PITS was designed to treat. May 15, 1992 Letter (Tab 
E) ; April 16, 1992 Letter (Tab B) . Thus, the '800 patent's on sale 
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bar analysis applies with equal force to the Application's on sale 
bar analysis: an embodiment of the claims was offered for sale 
before the critical date (May 15, 1992 Letter (Tab E) ) , according 
to the applicant the PITS fell within the scope of all 25 claims 
(Affidavit at f 3 (Tab C) ) , and the sale was not for an 
experimental purpose (45 Fed.Cl. at 518). The only issue is the 
date the claims were ready for patenting, that is, the date they 
had been reduced to practice or that there existed "drawings or 
other descriptions of the invention that were sufficiently specific 
to enable a person skilled in the art to practice the invention." 
Chemical Separation Technology , 45 Fed.Cl. at 517. 

The applicant asserts that the claims were ready for patenting 
only after the invention had been "tried on non-ferrous metals," 
which allegedly did not occur until after the critical date. 
January 31, 2000 Information Disclosure Statement. Four pieces of 
evidence contradict this assertion, and prove that the claims were 
ready for patenting well before May 25, 1992. First, before the 
critical date the Keystone Plant had successfully removed non- 
ferrous metals - specifically, manganese and aluminum. Keystone 
Report at 8 (Tab A) . It also otherwise fell within the scope of at 
least claim 7, as the claim chart demonstrates: 



Application Claim 7 


Keystone Report 


A method for removing metal 
compounds comprising copper 
metal compounds from waste 
water comprising the steps of: 


Manganese and aluminum are 
removed from the leachate. p. 
8, Table 1. 
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(a) adjusting the pH of the 
waste water to from about 5 to 
about 12 ; 


Plant effluent has a pH of 
7.1. p. 8, Table 1. 


(b) aerating the waste water; 


"The CST system . . . brings 
oxygen, alkali, and leachate 
together in a way that results 
in a fast N-O-P 
(neutralization- oxidation- 
precipitation) reaction." p. 
19. 


(c) agitating the waste water, 
where steps (a) , (b) , and (c) 
are carried out simultaneously 
in a reaction tank and waste 
water is aerated in said 
reaction tank to provide a 
dissolved oxygen concentration 
at from about 0.01 Ib./hr. to 
about 70 Ibs./hr. at a waste 
water input flow rate of from 
about 50 gal./min. to about 
500 gal./min. for a copper 
metal concentration of from 
about 50 mg/1. to about 1,0 00 
mg/1. 


"The CST system achieves rapid 
acid neutralization and metal 
precipitation of coal refuse 
leachates by reacting the 
leachate with sodium hydroxide 
and air-derived oxygen in a 
patented reactor at 
atmospheric pressure." p. 1. 

3 X 7.5 = 22.5 Ib./hr. oxygen, 
p. 8, Table 1. 

23 0 gpm waste water flow. p. 
8, Table 1. 

17 (manganese) + 114 
(aluminum) = 131 mg/1 non- 
ferrous metals concentration, 
p. 8, Table 1. 


(d) then adding a flocculating 
agent polymer selected from a 
group consisting of cationic 
and anionic polymers to the 
water and allowing floccules 
including said copper metal 
compounds to form; and 


"To effect solids 
concentration and recovery, 
flocculants are used to bind 
and hold the particles 
together while their mass 
undergoes dewatering." p. 3. 

"The flocculant used at 
Keystone was Percol 73 0 
(Allied Colloid) . " p. 3. 


(e) then separating said 
floccules including said 
copper metal compounds from 
the water. 


"To effect solids 
concentration and recovery, 
flocculants are used to bind 
and hold the particles 
together while their mass 
undergoes dewatering." p. 3. 
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Plainly, the Keystone Plant removed non-ferrous metals using a 
process otherwise within the scope of claim 1, and the applicant's 
claim that before the critical date "it was not scientifically 
predictable that the invention would remove non-ferrous metals" is 
not credible. January 31, 2000 Invention Disclosure Statement. 

Second, the July 1991 Business Plan of Chemical Separation 
Technology, the company of which the applicant was Vice President 
in 1991 and is currently President, explicitly states that the 
claimed process will remove copper. Affidavit at ^ 1 (Tab C) ; 1991 
Business Plan at 13 (Tab G) . In particular, the process described 
is capable of removing "copper, zinc, lead, and magnesium" (1991 
Business Plan at 17 (Tab G) ) , it is essentially the same as that 
documented in the Keystone Report (id. at 15-17) , and it is shown 
graphically in a figure virtually identical to figure 3 of the '800 
patent (id. at 16) . 

Third, the PITS correspondence corroborates the applicant's 
successful pre-critical date removal of copper. His April 16, 1992 
letter predicts an effluent copper concentration of less than 0.1 
given historical metals discharge concentrations "in the .002 
Mg/1 ranges." (Tab B) . His May 15, 1992 letter states that 
mercury, lead, and cadmium will "experience some co-precipitation 
with Fe and Cu." (Tab F) . Clearly, the applicant had sufficient 
experience with copper removal to be able to reduce at least claim 
7 to practice, and enough confidence in the claimed invention to 




sell a commercial embodiment of it by touting that experience. 

Fourth, the claimed copper removal process was known in the 
prior art - in particular, in U.S. Patent No. 4,652,381 ("Inglis") 
(Tab H) . As discussed in greater detail in petitioner's pending 
Public Protest, Inglis describes removal of copper, as well as lead 



and zinc, two other non-ferrous metals, using claim 7's process: 



Application Claim 7 


U.S. Patent 4,652,381 (Inglis) 


A method for removing metal 
compounds comprising copper 
metal compounds from waste 
water comprising the steps of: 


Copper, lead, and zinc are 
removed as carbonate salts. 
Col. 3, 11. 47-57. 


(a) adjusting the pH of the 
waste water to from about 5 to 
about 12; 


"pH of the waste water 
contained in the treatment 
tank 28 [is] maintained at a 
pH of from about 4.8 to 5 . " 
Col. 6, 11. 39-41. 

pH of wastewater leaving 
reactor is "in the order of 5 
to 7" Col. 7, 1. 12. 


(b) aerating the waste water; 


"Air is sparged continuously 
into the interior of treatment 
tank 28" Col. 6, 11. 11-12. 


(c) agitating the waste water, 
where steps (a) , (b) , and (c) 
are carried out simultaneously 
in a reaction tank and waste 
water is aerated in said 
reaction tank to provide a 
dissolved oxygen concentration 
at from about 0.01 Ib./hr. to 
about 70 Ibs./hr. at a waste 
water input flow rate of from 
about 50 gal./min. to about 
500 gal./min. for a copper 
metal concentration of from 
about 50 mg/1. to about* 1,000 
mq/1. 


"Air is sparged continuously 
into the interior of treatment 
tank 2 8 through line 3 8 to 
effect some mixing of the 
liquid" Col. 6, 11. 11-13. 

"the present method treats 

I, 2 00 gallons a day" Col. 3, 

II. 64-65. 

"copper can be as high as 10 
ppm." Col. 5, 11- 43-44. 
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(d) then adding a flocculating 

group consisting of cationic 
and anionic polymers to the 
water and allowing floccules 
including said copper metal 
compounds to form; and 


"an anionic polyelectrolyte 
"PI or*Piil rint" ponl" 1 nf=*d in tr^nk" 
92 is pumped via line 94 into 
the final treatment tank 50." 
Col. 7, 11, 58-60. 


(e) then separating said 
floccules including said 
copper metal compounds from 
the water. 


"the contents of final 
treatment tank 50 are allowed 
to settle" Col. 7, 11. 64-65. 



In summary, the Keystone Report demonstrates a reduction to 
practice of at least claim 7 on non-ferrous metals in general, the 
1991 Business Plan and PITS correspondence prove the efficacy of 
the claimed process on copper in particular, and Inglis shows that 
the claims were so ready for patenting that someone else had 
already patented the invention, all before May 25, 1992. Since the 
Court has declared that the PITS was commercially offered for sale 
before the critical date, and since the applicant himself asserts 
that the PITS was an embodiment of all claims of the parent patent, 
a public use proceeding is justified. 

II . Operation of the Keystone Plant Creates a Public Use Bar 

"Public use" includes secret commercial use by the inventor. 
Woodland Trust v. Flowertree Nursery, Inc. , 148 F.3d 1368, 1370 
(Fed. Cir, 1998) . Since the applicant reduced claim 7 to practice 
with non-ferrous metals at the Keystone Plant, its continued use 
after the Keystone Report was written could not have been 
experimental and must have been commercial . Zacharin v. United 
States , 213 F,3d 1366, 1369 (Fed. Cir. 2000); 1991 Business Plant 

8 
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at 2 (Tab G) (Keystone Plant was in "commercial use") . As a 
result, whether or not the applicant's use of the Keystone Plant 
after January 1991 was secret, it constitutes a barring public use 
if copper was removed. The 1991 Business Plan and the PITS letters 
memorialize the successful removal of copper. April 16, 1992 
Letter (Tab B) ; May 15, 1992 Letter (Tab F) ; 1991 Business Plan at 
17 (Tab G) . Thus, operation of the Keystone Plant amounts to a 
barring public use, and a public use proceeding is warranted. 

Respectfully submitted, 

VITO J. DiPIETRO 
Reg. No. 22,781 
Director 

CAMERON ELLIOT 
Reg. No. 45,53 9 
Commercial Litigation Branch 
Civil Division 
Department of Justice 
Washington, D.C. 20530 
Telephone: 2 02-3 07-0333 

Petitioner 

A) Keystone Report 

B) April 16, 1992 Letter 

C) Stevenson Affidavit 

D) Opinion, 45 Fed. CI. 513 (1999) 

E) May 15, 1992 Letter 

F) May 15, 1992 Letter 

G) 1991 CST Business Plan excerpt 

H) U.S. Patent No. 4,652,381 



July 31, 2001 



Of Counsel : 

THOMAS J. BYRNES 

Attorney 

Reg. No. 2 9,533 



Attachments : 
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zinc is disclosed which permits lowering of Uie concen- 
tratioo of tf>e c uutmninan ts to a level pennittiqg dis- 
charge to the sewer. Waste water resulting frcmi floor 
wash and spray washing of lead add batteries prior to 
sfa^miest from die manvfactaring facility contains sofiB- 
cient snifnric add to cante the pH to normally be at a 
levd of aibont 2 alcog with heavy metal 
present in oonoeatxatioBts iK^nch require treatment for 
removal before tiie d ischai ge water will meet EPA 
standards. The water to be treated is directed to a first 
reactioB and settling vessd vAim calcium carbonate is 
added aloQg widi aa oadatian medium such as air 
which also fhnctioDs to stir the stmd waste water. 
Snffident calchnn caibonate is added to bring the pH of 
the solution to a levd ci about 5 and at tbe same time 
react widi the heavy metals present such as lead, copper 
Of sine. Galdum sul&le and re^yective heavy metal 
carbonates pr ec ipittte and setde to the bottom of die 
treatment zoae>v1iiBre they may be readily removed. In 
a second treatment vessel, calcium hydroxide along 
with enon^ caldnm carbonate to maintain an excess of 
carbonate ion are added to complete sepaiatioo of the 
heavy metals. Final removal of prec^itate from the 
solution is iicconTpBsted tiironf^ a suitable filter^ 
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low lead ooaocntradoiL In this procedure, the lead is 

BATTERY PLANT WASIElnrATER^REAIME^^^ predpiuted as the caitKmate at a pH above 7. 

PROCESS Hakala, ettl. in Volimie 11, Issue Na 1 at pages 243, 

. etseq. (1977) of Water Research C^CaldomCaitenate 

BACKGROUND OF THE INVENTION 5 in the Removal of Iron and Lead From DQnte Waste 

-1. Field of the toventton WateO indicate that caldraicaibonate has been 

Tte invention nOates to a process for treating W m the tieato«t <rf add mme wato and steel 

trial \vaste water containing contaminants in the nature hqiwn at pH leyds or 8 or mtwe. However, predpita* 
of snlfink «ad and heavy metals such as lead, copper ferric ^droade is bdievcd to intetfere wiA 

and dnc to lower the oonccntratioo of sncb contanri- " s«*Bng of caldmn sulfate and lead cattxmate. TTic 

nmts toatevdpennittingdisdiarge orthe wastewater Hantab, et al. process does not provide a treated waste 

to the sewer. water ^vfaich will satisfy current EPA sewer disduffge 

The process has particular otility in the treatment of regulations, 
waste water resuhing horn the wadrii^ of lead acid Hoak. ct aL m Volume 37. Issne Na d. Industrial and 

batteries and plant floors causing the water to contain ^&Deenng Oienristry, June W5 at pages 553, et seq; 

r»H»ft^ai / pimtffwB nf mlfnrki and mctfil constittt- (*Tircatment of Spent PickKng liquois With limcstone 

ents primarily made 14) of lead and copper. and Ume^ describe a process of treating speittpiddi^ 

Use (rf* the process permilsrecydipg of treated water liqnor with limestcmc and lime. Quick Bme (CaO) was 

back to the plant w^ihmg process thus lowering the ^ used to elevate the pH to the aDcalme side before air was 
ovetaH <^>eralmg costs of tiie battery phmt Watcr^ 

which fa periodkafly discharge to the sewCT has acid SUMMARY OF THE INVENTION 

and m^ levels for below ttose permitted m govern- 
mental i^nlatiods. Waste water resnhii^ from washiQg the exterior 

2. Description of the Prior Art ^ surfiwxs of lead acid batteries and from washing 

The assignee of this apphcation has long operated a pltat floor is^ stored and when a suitable ifuantity 

Tfn d a gi d ba ttgry p^f"*^ Ourmg tiie nmnn&ctDre of lead ' thereof is collected, it is directed into a com bination 

Pf-i d fftor ^e ^ battfrif ff , it ^ mi iveiiti onal for snm reaction and settling vessd Mliercin caldom caibonate 

ttm<> to suqieod the batteries from a ocHiveyor fine for is metered into the waste water to maintain a pH of 

pflBMg^ diroo^ a water spray deaning system. Water 3^ abont 5. Air s introdnoed into the waste water in the 

fa sprayed onto the batteries to diorong^y dean the reaction vcssd for the dual pnip osc o f agitating the 

exterior snrfieice of each battery. The spent water fa sdntion and assnring intimate ftrimiitiire of the caldmn 

cc^ected Ihiong^ ftoor drams and directed to a storage carbonate and water sohstiooL, and to ozkfize iron {ves- 

8ic&.F611owing washing of tbe battery cases, the batter- ent in the waste water to ferric oodde precipitate. Cal- 

ies are generally dried with p ress ur i s ed air. A large 35 dam sol&te and lead, copper, zinc and other heavy 

iamoant of waste w^er also oooies from washing metal caibooates tims formed settle out vpon standin g 

the floots in the plant of the solution and may be removed from the treatment 

The waste water from the lead add battery wash and vesaseL 
plant floor washings camxit be reused in the mann&c- ■ . The liqnid fa directed to a smtafale hold tank and then 

tnzing process in part because iron in the waste water fa 40 introduced into a final treatment vessd ^Kdiere the soln- 

dektericos to battery fife, mid the fatgji acidity ticm fa mediamcafiy agitated and a shirry of 

content predude discharge direct: to a sewer without by wei^t. of mised. limes (20% caldmn carixmate and 

8ol>}ecting thc^ lirater to a tteatmen^ B0% cakaum hydrooride) fa adifed. Agaiiw predph^ 

past, tiie ^wirfgnag henof has employed a mixtur e of are allowed to settle out tibe clarified solution 

sodimn hydroxide and ^^limi* mifiHg to remove, lead 45 being directed overhead and then passed dmnxgh&Gaiid 

: firm i^yf ijvatff - ^^*n*g ti^gyeKng nf th^. r ^ nt m mi . filter tocffcct final icmoval of a rwnafntng solids from 

nated w8terijW Cfaried oat,bmbuikliq> ofaBodnim^ ^ the water, %diidi fa then in condition for recycling to 

sulfotesah prevented effective use of the treatment 00 the plant wash water sy^em. 

T.^'^^^.^Fit^^^^^^t^^^^ BRIEF DESCRIPTION OF TIDE DRAWINGS 

ai5 lb. (rflead anda761b. ofcoppermay be foimdhi 50 x^co^iui-Aiv^x^ w x™ *^*w% 

tike waste mter per mlDkA pom^ FIG. 1 fa a schematic diagram of a preferred process 

month in ordCT^^ to permit dis^arg e of the waste water for carrying out the inventkm teeof aood ilinstrBto 

into the sewer. diagrammatic form various pieoes of e qnyment wfaicfa 

It has been so^ested in *T>evdopment Document niay be advantageondy enqiloyed to practice Ae pro- 

fior Effluent limltatifln Guidelines and Standards for 55 oess; . 

the Batteiy ManiifiKtnring I^hit . Scarce Cst^^ FIG. 2 fa an enlarged frogmeotary view of the first 
October I9SZ, EPA 440/1-SV^'^ U.& &iviroi^^ treatment tank on a somewhat enlaiged scale fflustrat- 
tal Protection Agency, that sodinm hydroxide be added ing the construction of a pief c u e d vessd and the man- 
to the waste water to be treated -and the resulting ner in which fiqdd and gas are caused to inflow and 
R)(OHhallowed to scttie for removaL PbCOHjahas a 60 fiqmd fa allowed to outflow therefrom; 
n"»iu»"w solnbSity point on its 8<^iMity curve at pR . FK>. 3 fa a horieontal croG&«ectionaI view taken 
9.S. TbiB, the disdmrge to sewer dKnild be 9 to 10 and : substantially along the fits 5— 3 of FIG. 2; 
never bdow S. Below pH 8, the sohibility FIG. 4 fa an enlaiged frngmentaiy view of tite final 
such timt meeting tiie dischoage requirements would tr eatm e n t tank again iDnstrating the oonstmction of a 
veryjdxfficulL 63 preferred vessd and the manner in which liquid fa 

The deveitopmdit doanQeiib also describes a caused to inflow and ontfiow therefrom; 
ofustng soda ash (N^CQa) and cansticfioda(N^ FIG. 5 fa a horizontal view looldng downwardly on 

treat the waste when no iccyding fa leqoirBd to £^ the opea top vcssd of FIG. ^ 
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H0.6i8adqxcfiionofsaitablefk>wdirecdoa]n^^ Waste water collected from Ihc lead add battery 

for the liquid streams intioduoed into the vessel of FIG. plant wash lines is stored in samp 10 which has an outlet 

2i and line^ 12 leading to common sopply line 14. Pump 16 is 

FIG. 7 is a schfanatic iUustiation of the solids filter interposed m line 12 adjacent sump 10. A calcium car- 
used in association with the final treatment tank of FIG. 5 bonate slnrry tank IS is joined to supply line 14 throng 
4. the pravisi<m of a line 20 having a punp 22 therein. 

^ ^-^ As is best seen m FIG. 6, n^y Ime 14 includes an 

DHTAILED DESCRimON OFTHE o^ter pbe 24 which extends throurfi the cylindrical 

PREFERRED EMBODIMENT waD sectwn 26 of gencraEy conical first trcatmoit tank 

In a typical lead add battery plant which has a total 10 28. Line 12 is cockled dir^tly to pipe 24 whDe pqie 20 

lead inpnt of sq>proximately 1,000^000 pounds per extends into d>e interior of pipe 24 and is coaxtal with 

month, cuneot EPA ngnlatkms limit the waste water the latter in spaced rdatiomhq> from the interior wall of 

discharge to sewc contaminants to<X15 lb. of lead and ^ latter to define a cjdinibical passage around the 

0.76 lb. copper per month. IfSOtOOO lbs. oflead per day periphery of pipe 20. Line 20 terminates w ithin the 

is consoxned, the daily limit of lead and coi^>er in waste intcriOToftrcatnient tank 2S at the innermost cxtrenaity 

water to sewer would be no more than 0i)16 lb. of tead ofpipe24. ^_ 

and 0.072 lb. of copper. CBirent EPA regulations arc A recycle fine 32 connect^ to first treatm«t tar^^ 

generally based on the total amount of contannnants at the rone of magcr of cyimteral section 26 

discharged over a selected period of time and not their comcal segment 34 of s uch tank h as a pump 36 tfaeron 

concentration in die waste stream. Oon^lianceb deter- ^0 ^d leads to inpe 24 fw ora^^atti^ 

mined by measuring die concentrations of the metals in «>ctweai pi^ U^d tocmnennostttdof pq>e24. 

the waste stream and multiplying it by the iwtste stream controfler 39 in fee 32 u copattaed with pmnp a to 

volume. New r^gulatkms thereby encourage die rcduo Jf^^^!!"!!^^^ ^ 

tioiiofwaste5treamvolum€5.Withaleadconceatration„ ^^y^T^^t^:J^l? 

of 1.28 ppm in the waste stream, only 1^ gallons of ^ ^f^'^! 

waste water «ndd be r'^S'SnSy'S^^ 

However, at 0.2 tynn of lead m the waste water. 7»600 , , . J^**** — * 

xM^wcvu, u |ipui n»u lu uk: w»i« wota, /»ww lowcnDost cod of air liuc 38 t mrriwnteft in a tee havine 

eaDons of treated waste water could be discharged to . »u w "r ^ . " .v ^ 

^Kjua ui u«u» w»ic wousi u^wwtj^ tv ^ sencs of opeuings m the bCT iy <>"tfl 1 portion thereof for 

the^swcr ma 24 hour period. ^ ^ 30 delivery of air in bubble fona into the interior of the 

Thepio<«softhismveimon produce tank 28. An upright bafSe « (see FIGS. withm 

discharge to sewer contammg less dian 02 ppm of lead tank 28 and qwnnmg cylindrical sectton 26 in bisecting 

and an even lesser amocmt of copper. This conqwres rdatiraship thereto isjoined to the underside of !?>hcri- 

witfa pnor processes whidi gave a soluble lead concen- ^ top^rtion 40 and projects downwardly iiSolie 

txatioainthewastewat^^oyelOpfanandtoaceitam 33 tank a distance some what bdow tibe lower drcolar line 

extent were erratic and nnpre(fictable. dcfinedby the bottom of c>«ndricalsecdon 26. Airline 

Metal contaminants are precipitated as carbonate and 38 extends into tank 28 throng an open manhole on the 

caibooate^hydroxide basic sate. Tte splids are sepa- same side of baffle 42 as snpi^ line 14 (see FIGS. 2 and 

rated by filtration and sent to a landfiU. It is a feature oi 3^ 

this process that predpitationofthese salts is affected at 40 liDe44 joined tocylii^ixcalsecdoo26of fiirsttzeat- 
a pH value lower than those indicated to be feas&le in joeat tank 28 and commnmcating with the interior 
the prior art Precipitation of lead, copper and zinc theteof,leads to a heading tank 46w A feed fine 48 joins 
carbonate salts have been found to occur at a pH as low the lower end of holding tank 46 with an open top final 
as 4.5 to 5.0. The carbonates ttm precq>itated at a pH treatment tank broadly designated SO. A defivery pimq> 
below 7 are less soluble than lead, copper and zinc 45 49 is hitetposed in feed line 48. Hie cylindrical sidewaD 
hydroxide which aie precipitated at a pH above 7. Asa 52 of tank 50 termmates at fiie tower per^>hetal edge 
result, the removal ofleadL copper and zinc salts is more tbereofin a shallow coned bottom 54. Mechanical a^- 
efficient using a carbonate system than is the case wto tor 55 provided in tank 50 for stining the contents 
reliance is placed on prec^tatkn of the metals as by* thereol Line 56 commanicatii^ wifii the final tieat- 
droxides above pH 7, as in die processes of tiie prior art 50 ment tank 50 at die bottom of conical section 54 and 
and particularly, die EPA referenced methods. It is also provided wifli a pmrq) 58 therein leads to a soDds le- 
af eatnre of this process that trace amounts of iron are mnvnl Im^ fli P> *^h f Vm/fr <^ j^ *^^ SfCtl ffP 34 
removed by spargiog air into the treatment vessd to oftre8tmaittank28. Line 6D has a punp 62 therein and 
precipitate tltt iron as Fe^Q^. Precq>itatioii of the iron terminates in dire^ overiyifl^ rdatioiship to a ffol fdff 
by oxidation with air may readily be aoconqilished 55 fiher bix>adly H»gtgfinf#^ 61 

without adversely affecting remcfval of lead, copper aui As depicted schematicaDy in FIG. 7, the solids filter 

zmc as carbonates in an acidic medinixL Furthermore, 64 indudts ^ underlying, ang^ bottom liquid collector 

reixx>yal of tbe iron as fcrrk oxide at this point in the 66 wMdi receives an endless bdt conveyor 68 ^^nch 

process avoids forination of a gelatiiKyns, difficolty fil- supports a disposable filter p^ier 701 Thus, soHds dcpos- 

terabk inm pret^ritate vdikdi takes place above pH 7 €D ited onto the filter p^ tqiportcd by conveyor 68 arc 

and that would ^g a filter used to remove the precqn- directed into the container 72 while liquid draining 

t&tes. through the filter p^ier is retnmed to outlet line 12 via 

Usmg a 1,000,000 poood per mon& lead utiliration line 74 having a pump 76 tfacrcnL 

lead acid battery plant as a eirniplary standard, the Feed tank 78 for a slurry d* caldum carbonate and 

present method treats 1,200 gaDcns a day of waste 65 caldnm hydroxide has a defiveiy line 80 joined to the 

water from the battery wash operation to be pr ocessed lower end thereof which feeds into the open upper end 

daily with 200 gaDons being discharged to the sewer offinal treatment tank 50. Pump 82 is ktcrposed in fine 

and 1,000 gaDons being recycled for reuse. 80. Recycle fine 86 extendiiig fitm the tank 50 at the 
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lower pmphay of the cylisdrica] section S2 thereof to and cxteDds from the spherical top 40 of the tank to 

loops t>ack over the top of tank 50 and delivers recycle a horizontal fine about 4 iocbes bdow the dicolarp 

Eqi^ into the open end thereof. A pump S8 is provided circomfeireotiiDy ^^^♦'■^"e lower mai^n of the cylxn- 

tn line 86 while pH controller 90 b operably connected drical sectioo 26 cftank 28, dms dividing the upper part 

tDpimip82 to controlling d^ very of sinrry from 5 of the treatnmt tank 28 mto a treatment section 28a ^ 

tank 78 into tank 50. Fk>ocnlant storage tank 92 has a the upper portion of tltt tank 28 into which the waste 

delivery pipe 94 joined thereto which extends to iht water is directed via fine 1^ and a settling section 286 

open tc^ of sank 50 and is provided with a feed pump 96 (i^ the portkn of the tank 28 from wMch the 

tf^erein. li(piid is aflowed to egress from die tank throu£^ line 44; 

An outlet line 98 having a pomp 100 eactebds from the 10 seeFIG.3). 

lower part of final treatment tank 50 to die hilet of an Air is qsarged continttoudy into the xnteiior of tieat- 

iqsright sand filter 1Q2. An oudet line 1D4 e xt en d i n g mem tank 28 throng line 38 to c£fect som mixing ctf 

from the lower end of filter 102 is joined to the inlet of ^ contmnl ia the tmsk and to also provkle an 

a final filter 106 w*ich has an outlet p^ 108 leadhig to adequate supidy of an axk&ing agmt fm this case Q2) 

thesewer. Valve UOinUnempermitssdectivec^ 15 ^ convert die iron contained m die waste water to 

toOTof waste ^112 vu feme oxkic (F^Oa). However, the miuor mixing of 

fine W. Rc^ tank 112 B m tmn c^imcted to the ^.^^^ taak 28 is provided by redrcolation 

pressure wash system 116 via hnc 118. rater purge fine t>f fiquid diroorfi fine 32 by pomp 36. 

^t^J'^ ^^ZlS^ aWmT^taate and 

40 of first treatment tank 28. ^^^^'^^^^^J^^^ ^ mixed in supply tank 18 and the shiiry dius produced is 

S^lS^m"^*^ pumped v«ata20into die interte^trei^ 

""S^M of Preferred Embodimcat 

^i^^Aouwu wi ««wnA«Pw *-ii«/v-Tjr-"v"T ^ _ 22 cootroOBut deiivcrv of cakinm carbonate slurry 

During ifae mami&cture of lead aad h^nnrrfr, it is wuwuui v«vuumc 

conventbnal to WBSh tfae batteries prior to v»dc^ 25 STIS rfl5^ -^£^^^152.2 A™ 

OcnenOly speakiqg. Ac batteries «re <>iii>potl«l by a ^U^^j££^^i^^'.^^i^^^ 

. -_r._r_'rt r *ho *fMw«n«»it a cuic CTMHf ffmiauoa Of 06 cucium carnonaiB m smmiy 

ual lead and solfuric acid ^nl^wqxm the batteries are 30 «ynwofflievcs8d28. Ano^ 

Mown dry. Waste water collected from die washing of immp 22 las been found^to t>e abom 80pounAi of 

operation is directed via floor drains to the smiq) 10 ^ ^ "^J^, 

along widi tixe water used to wash the itont floor for amqim requged may vary widun rdativ^ laige 

treatHMMt to permit recyding diereof to wash water lumts and dgieodt m larg e iMy^ 

systems, widi a certmn proportion afiowied to flow mto 35 ^ ^pflb cantroOed in the ted aod battoy 

a sewer fine. The waste water is intermittendy punyed manufectnrmg fedhty. nam oono^^ g diat 

vifl 1fng> 1? prtty f^yf ftryi frt^imtmt famH B fhmn^ cnp- tl» amOOIlt Of Cafcnmi Caitwnate fiimMed tO fi^ 

ply line 14. The waste water from pun^ 10 fc gener^y tenk 28 and the period of ddivery thereof to the 
fffit fff ^ tfd with Wi< ^lff\*T *^ r*^^ ip^titfiMK cftgpfffMi#rf treatment vessd be contrxdlod such that the pH of die 
PbS04. Total lead in die waste wat» can run as high 40 ^^?ste water cadMned m trcymait^tenk 28 be mam- 
was 5(X> ppm. In additioo» iltt waste water collected in tamedatapHoffiomaibofirt4^to5.Tn^oontroto 
son^ 10 typically contains about 1% H2S04.givii^ Ihe fihonld be set i^nich that it tmtiatps ope rat i on of pump 
water a pH bckyw 2. Iron is DQtmally pnsent at levels 22 to dcfivcrcalcann carbonate slntry to the interior, of 
about 50 ppm \(Me copper can be as l]^^ as 10 ppm. fint treatment tank 28 the pH of the recyck water 
For a [dant ocnsummg about 1,000^000 S». o^ flowiqg thn>i^ pye g rea<to a kvd of tf)out 4^ 
mcmth, the eaunqjtlary lead acid battery wash floor then functions to discontnnie eneigizatxm ofpun^) 
wash gystons win generate d>ont l;200 to 1300 gaDoan when the pH <tf tis sohdion m Uie recycle line 32 
perday of waste water collected iri smnp 10. The tern* to a l evd of ahout SXX The cahanm c arbcma te 
pcrature such water win be qrpraxhnmdiydwambi- reacts widi snlfiiric ac id in the w arte water to produce 
ait *™ p g f ft w y of the p>«»"t SO c»1rinm snlfitte which iJiecjjHtHtff s finom the solution as 
For a typkal wadi water gystm^ descrftod, treat. CaSQtJIfad la adcfitkm. heay metals present m die 
metit tawV 7A phfjinld a wn( rictng \LH|>jwJ i y nf ■ WBste WBter ssdi lead* coppcr and anc react with die 
imatrfy 1,^00 gnTiffm ^ T Yffftmgnt qf yiffu: ^ . ^ ^hg cfllcinm carbooate to 'foim cazbooate precipitates 
.tank 28 tie <Mv^n ii 'iHchp^ a continnQas or-batdi which, along widi the calcinm sulfate setde to the hot* 
bastL Waste water collected in nmq> 10 is ponqied to 35 tomofthetaak28foxea>ovaIviaIme0O.Themiy^^ 
vessd 28 via line 12 untfl die treatment tank is sobstan- of the carbooate however reacts with the sulftnic acid 
tiaDy£med widi the waste watisr to beireated.!^ and is eq)dled as 0% gas. 

ter»de3ivery of water to the treatment tank may been Prom one to three tunes per day ac^ds which have 

antiitenhittemba^Cffsnbstantlallycondmionsly,^ ooQected hkdieloweroonkal8ecti(m34of tBnk28are 

flow is controlled sodidiat there is adequate zesidenoe 60 removed via fine 60 during opetatian (tf pun^ €L The 

time of the waste water in tank 28 to assore o ptimum hig^ soifids oootent liqmd delivered from line 60 is de- 

precq>itatiosi of cddum sul&te and heavy metal car- posited oh die fiber paper 70 of filter M i^liere such 

borates ^x^iich settle out of die solutian ^nd are re- solids are directed by conveyor 68 into the oontamer 72. 

moved from die tank via . fine 60. In order to assore For most effideot operatkm of the filter 64v the nmt is 

ooHectiosiof8olidsatthebottomofdietaDk28»hiclina- 65 preferably of type cansb^ a vacuum to be fanposed 

tion of die conical wan 34 at an ah^ of ^bont 30* has on die conv^Far belt 68 widi removed water being 

been fotmd to produce satisbctory lesntts. The divider directed via &e 74 back to aiqiply line 12 duoo^ die 

bafiOe 42 desirably tsofa depth Sttcfa that it is connected action of pmnp 7& Solids collected hi containa TZ 
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(which for example may be a 55 gallon drum) are are letunied to line 60 via line 56 tmder Iht control of 

shipped to a landfill pump 58 for filteiing such solids in association with 

By virtoe of the fact that the .\raste water in first those received from first treatmem tank 28. The liquid is 

treatment tank ^ is not only recircuiated but also must thereby ret u rned to fixst treatment tank 28 throufi^ line 

flow beneath the lower edge of bafQe 42 from leactian 5 74^ line 12 and sopply line 14^ 

zone 28a to the quiescent zone there is efficient The clear sopematant rcsotting from quiescent set- 
interreaction between the caldum carbonate and the tiing of solids fixmi the waste water in tank 50 is pumped 
sulfuric add and heavy metals contained in the waste via transfer line 98 under the costrd of ptmxp 100 to 
water. liquid overflow from treatment tank 28 leaves sand filter 102 to remove smprndrd particks in the 
the latter via line 44 and is directed into the bold tank 46 lo waste water. Backwashing of tiie sand filter 102 shoukl 
by gravity flow. The pH of the waste water leaving be carried out abont once a week widi water being 
vessd 28 is in the order oiStol because the caldom supplied for this purpose tfaroafji fine 22 and the result- 
caibosate continues to react in tbe static section 2Sb of ing solids removed being directed bade into first treat- 
treatment tank 28. The soluble lead, coppc and zinc in mcnt tank 28 througlh line 120. 
the waste water leaving fiist treatment tank 28 have 15 The <fischaxge from sand filter 102 is directed via fine 
been found to be less than 0.2 ppm but the totals may be 104 to a three way valve 110 yn&i one line 104 there- 
above 10 ppm because of fine particles that are en- from going to the final filter 106 whOe another fine 114 

. trained in the liquxd. On the otiier hand, the soluble iron returns water to the recycle tank 112 wfaicfa is con- 
content has been determined to be less than about 0.5 nected to the pccssure mdi system 116 through One 
ppm if oxidation has been properiy carried out in the 20 118. The waste water treated eadi day is divided such 
reaction zone 28a of tank 28. Desirably, hold tank 46 is that about an average of 80% thereof is returned to the 
of a size to hold about U500 gaficms of solution whetc p r e& w e wash system 116 vrfule the remaining 20% 
tank 28 has a capacity <^ 1,300 gallons (although an goes to the final filter 106 for ulthnate ifischarge to the 
enxergency overflow hold tank. of an additional U500 sewer via line 108. The treated waste water leaving final 
gallcms capaaSy may be provided in association with 25 filter 106 is normally well widdn r^plafions established 
hold tank 46 if additional bold capacity is desired. by the EPA. However, final fihcr 106 dearably contain- 
Preferably, the contents of the hc^ tank 46 are nig a 5 micron bag filter is a safoy meas u re if a ma ffim c- 
pun]|)ed once a day into the final treatment tank 50 via tionofsand filter 102 occurs for some reason, or if some 
line 48. An approximate 12% by weight solids slurry of particularly fine material is vat removed by settling in 
.amixtnreof20%C^CC>3and80%(XOH)20providmg 30 the final treatment tank and passed throi^ filter 102. In 
a mole ratio of caxfoonate to hydroxide of about 1:10) is a preferred ar rangement, recycle tank 112 is of dimcn- 
mizcd in feed tank 78 and pumped into final treatment sions holding approximatdy 4 days of water for supply 
tank 50 through line 80 under the control of pmnp 82. to the plant pleas ur e wash system 116. 
Again the 12% oonoentration of the calcium carbonate- Oxidation of iron contained in the waste water w^ile 
calcinm hydroxide miA.tui e may readily be pun^>ed 35 thelatter is hdd in tank 28 prevents fonnation of a hard 
through fine 80 to die tank 50. The ratk> of CaCOa to to filter iron prec ipita te in the fimd treatment tank 50. If 
Ca(OH)2 is such as to provide an excess of carbonate imoTidizpid iron is allowed to reach tank 50, filtration 
ions in final treatment tank 50. Calcium hydroxkie is problems can occur above pH 7 Rioting in this respect 
necessary to raise the pH to the desired level in the final that the pH of the waste water in tank 50 is desirably at 

; treatment Under normal operating conditions there is 40 least ahcnit 8 to about 9), Fe(OH)3>»duch fonns can 
litde, if any, reaction of calcium carbonate in the treat- be very difficult to filter. Air sparging of Ihe waste 
ment tank 50. The solubOity of lead hydroxide (2.1 ppm wato- in the first treatment tank 28 m>t only permits 
as lead) is too hig^ to meet spedfications; thus, st^ are utilizBtion of the air as an agitation medium, but also 
taken to preclude fonnation of lead hydroxide in the assures conversion of the iron to FC3Q3 which prec^- 
process. Typical usage of Ca(OH)2 is no more than 45. tales and may be readily filtered out in the filter 64. 
about 8 pounds per 1,000 gallons of waste water. A paiticnlady impartaat feature of Ihe present pro- 
Kfixiqg of the solution in treatment tank 50 is assured cess is the fact that a relativeiy jnnprngve commodity 
by a fllow ^>eed agitator in the nature of a propeller of conomerce (limestone^ ije. calcinm caxtxmate) may be 
mixer 55. In addhkm, the solution m treatment tank 50 employed to effect removal of ralfizric add and heavy 
is redrculated through line 86 nmler control of pump SO metals from the batteo^ acid plant waste water. Lime- 
88. The pH controller 90 functionalfy coupled to pomp stone not only may be obtained at a reasonable cost bat 
82 controls the operation of the latter to feed the is available in a partide size fliat assures ^Bdent reac- 
CaCOs— Ca{OHh slurry into treatment tank 50 upon tion thereof with Ac acid and heavy metals in the waste 
demand. The controller is a4justed between a pH of 8i) water. Topically, caldum carbonate sold as paint |rig- 
and 9.6. When the pH of the solution readies 9.0, opera- 55 mem or an ammal feed additive has a partide size of 
tion of pump 82 is discontinued, whereupon the con- approximately 5 microns. Desirably, tl^ caldum car- 
tents of treatment tank 50 are mixed for at least abont 1 bonate is of a partide size sndi that at least about 90% 
hourand&enananiomcpolydectrolitefloccnlantoon- wiD pass throng a 100 mesh screen, 
tained in tank SK2 is pumped via line M mto the final In spite of the low solulnBty of GaOChin water, the 
treatment tank 50. A preferred floccolant giving desir- 60 present process takes advantage of tiie&cttiiat caldum 
able resnlts has been found to be ^fitfioc 51 supplied by carbonate becomes more sdidble in a solutioD saturated 
Mitco Incorporated, Grand R^nds, Mich After ap- with CO2. Since the reaction of H2SO4 with CaCXh 
proximatdy 1 mimite of mixing, die system is shut off resnlts in rdease of OQ2 fiius satnrating with the sohi- 
and the contents of final treatment tank 50 are allowed tion of carbon dioxide, the carbonate ion b present in 
to s^tle for from 2 to 24 hours and most preferably 65 soffident sapfAy to assure pi ed pitH t ion of lead and 
abont 20 hoots. o&er heavy metals as cai b onate s. U was t her e for e unea- 
Heavy metal carbonates and any residual caldum pectedly found, contrary to fte fmrhings of the prior 
sulfate collected in ^txntom of final treatment tank SO ait as for example, indtcatert in ibc above-refieraicQd 
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EPA Development Docmnent, that effective removal 
of lead and oUier heavy metals may be accomplished at 
a pH in the order of 5. 

AithdQ^ best lesotts are obtained at the lead cost 
using hmestone (CaOOj) as the i^ecqntating agent for 
the sulfuric acid and heavy n^tals in the waste water» 
other allrflli metal and aOcaline earth carbonates may be 
enq>Ioyed. Suitable leactants in this respect would is- 
dnde lithium carbonate; sodium carbonate* potassum 
cpfbc ffl fttff, ' Tfifl g P CT ii 'y^^^^'b n nftte, and terhun carbon* 
ate. ' 

In the second treatment tank 50^ ^Adierdn cakinm 
hydroxide in association with xalcinm carbonate is 
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I daim: 

1. In amethod of treating industrial waste water from 
t lead acid battery jnann&ctnring plant contaminated 
added to the waste water, Ca(0H)2 is die additive of 15 with environmentally UBaca^table amounts of suUonc 



dioice for cost reasons but again other alkafi metal Jtnd 
alkaline earth bydroddes would be usable such as lith- 
ium hydroxide^ sodium hydroxide, potassium hydrox- 
. ide, b arium faydioddde. Use of sahs that form solu* . 
ble metal sulfates will cause a bmldap of that salt ^ 
in the water thus pr^ndii^ recycling of the treated 
waste water e^ though lead, copper and zmc are 
removed to desirable sewr discharge levels. 

Rcsnhs obtairted from pr^^ 
invention on an actual plant basb may be smnmaiized as 
follows (21 dt^ actual plant pperatioaX 



Gab. 



30 



Day 


Lot 
No. 


To 


pH 


PPM 


To 
Sewer 


PPM 




I 


1003 




8J7 


aio 




012 




2 


lOlR 




7JB9 


ai6 




<aio 




.i 


t02& 




i07 


ai3 




014 




4 


103S 


130 


S.12 


an 


OOODie 


OlO 


OOOOIl 


. • ■ 5 ■ 


lOSR 




9.16 


021 




OL37 




■ ■ 6 . 


t06S 


910 ; 


ia62 


007 


O00QS3 


<O10 


0100076 


7 


tOTR 




9m 


O05 




<alo 




8 


liSSR 




7J5 


012 




<aio 




9 


J09S 


270 : 


9J8 


OlO 




<aio 


000023 - 


10 


llOS 


210 : 


7J0 


016 


000028 


<O10 


000018 


11 


MIB 




9^ 


OH 




<aio 




U 


112S 


730 


6l51 


ai2 


000073 


019 


OG0U6 


13 


llUl 




6^93 


006 




014 




14 


11« 




658 


005 




<aio 




15 


115R 




7.11 


008 




0.19 




16 . 


llfiR 




yjos 


002 




<OI0 




17 


UTS 


240 




oca 


000004 


<aio 


ft fflifflj^t ■ 


18 


1183 


310 


7.13 


003 


000008 


<O10 




19 


U9S 


30 


7J1 


003 


. OOOOOl 


<aio 


0100003 


20 


120S 


80 


8J>1 


O03 


- OOOODS . 


<aio 


0lOOQ07 . 


TOTAL 




2910 






OOQOIO 




O0Q29S 



Tim Pciiodj 

Utd QMisomed: 72S484 lbs. . 
Dtays ^odootioo: 21. 

BPA AflowaMe Digaime:- 



add along with lead and copper to lower the concentra- 
tion thereof to levels penaitting disdiarge of the water 
to a sewer, die inguoved steps ol: 
ftrfHm^ an amonnt <3f aa "i^*!"*^ eardi carbonate se» 
lected fipom the grmq) consisting of caldoBi, mag- 
yiftfthim find barium fyf'o*"**'^ and mixtures diereof 
to die waste water to initiany cuse the pH thereof 
to a level >/^ik:h is c^NsdUly conducive to precqa- 

of an alkahne earth salfioe fipom die sulfuric acid, 
the ankrant of alkafine earth carbonate: added to the 
waste water being snffickot to raise die pH of the 
waste water to a level of about 4 to about 5 to effect 
formation of an adequate qnantity of aDcaliiie eardi 
sulfiste and precipitation of lead and copper carbon- 
ate such that upon removal of the precipil a tes , 
waste water may be disdurged to the sewer which 
meets environmental restrictions iniposed on the 

a of ftiif*i«*g eardi car b ona te and 

earth hydroxide is added during the second adi& 
don and renciovuDig lead and oc^iper carbonate pre- 
dpitates fixnn the waste water prior to dmrhargmg 
the latter to die sewer. 
X In a medmd of treating mdnstiial waste water as set 
forth in daim !• v^ieresn adjusting the pH of the waste 
water foUowiog the addition of ^ atkahne earth car- 
bonate therdo, to a levd above dxiot 7 by addition of 
ut alkaline earth hydroodde before efiTecdag removal of 
piecqatates ton the waste water thereby jxeventiug 
die redissoliition of suspended lead and copper carbon- 
ate^ and the nKife ratio of carbonate to hydroxide in the 
second addition to the wwetc water is about 1 to 10. 
3 Jn a method of treatxQg industrial waste water as set 
SO forth ill daim l^^Ktem die stqpofadjmtii^ the pH of 
the WMte water to a vaibe shove about 7 w^ an alka- 
line eardi hydraxitle is carried out in a.manner to cause 
the waste water to have a pH of about 8 to 9 prior to 
discharge of the waste water to die sewer. 
55 • # • • • 
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1 your briefs, the appendices, my review of the case law, and 

2 my consideration, obviously, of the intrinsic, and to the 

3 extent relevant, extrinsic evidence to make rulings with 

4 respect to the construction of the claims in the 800 and in 

5 the 497 patent. 

6 My intent is to go through these rulings basically 

7 one at a time. My expectation is not to have each of you 

8 comment on whether you agree or disagree with my ruling. I 

9 think the ruling at this point is going to stand. There is 

10 one exception to that, and I will point that out when we get 

11 to that point. And so what I think what I am going to do is 

12 to go right ahead into this dealing with the elements in the 

13 claims one by one. 

14 Any question about how we are going to proceed, 

15 Mr. Tarasi? 

16 MR, TARASI: No, Your Honor. 

17 THE COURT: You, Mr, Elliot? 

18 MR. ELLIOT: No, Your Honor. 

19 THE COURT: All right, then, let's begin with the 

20 800 patent. Claim 1, the phrase "removing." My ruling is 

21 that that phrase means "to take away or eliminate." 

22 The next portion of Claim 1 at issue is metal 

23 compounds. By agreement of the parties, that portion of the 

24 claim is construed to mean "precipitated or suspended 

25 compounds of metal." 

Heritage Reporting Corporation 
(202) 628-4888 
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1 The next portion of Claim 1 of the 800 patent 

2 indicates "selected from iron, manganese, aluminum, zinc, 

3 copper, lead, arsenic and chromium. " By agreement of the 

4 parties that language shall be construed to mean "selected 

5 from iron, manganese, aluminum, zinc, copper, lead, arsenic 

6 and chromium, either alone or in combination with themselves 

7 or other materials and in any initial form so long as they 

8 are precipitated or suspended. " 

9 The next portion of the 800 patent being construed 

10 is the part in Claim 1 dealing with the word "comprising" . 

11 Construction placed on that term is "comprising at least" by 

12 agreement of the parties. 

13 The next portion of Claim 1 of 800 to be construed 

14 is "adjusting the pH of the water to from about to about 

15 12 . " My ruling is that that portion of the claim is not 

16 indefinite, and that it refers to "Bringing to a pH point 

17 within the range specified that optimizes the precipitation 

18 of metals, said point to be determined by reasonable 

19 experimentation. " 

2 0 So again, on some of these in which we don*t have 

21 a reference in the brief let me just repeat it to make sure. 

22 I determined that this portion of Claim 1 is not definite 

23 and that it refers to "Bringing to a pH point within the 

24 range that optimizes the precipitation of metals, said point 

25 to be determined by reasonable experimentation. " 

Heritage Reporting Corporation 
(202) 628-4888 
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1 The next portion of Claim 1 at issue involves 

2 "aerating the waste water." My construction of that is it 

3 means "supply air and other gaseous oxidants to the waste 

4 water . " 

5 The next portion of Claim 1 at issue, "agitating 

6 the waste water." By agreement of the parties this element 

7 is deemed to means "includes agitation by any means, 

8 including by aeration and by a mixer." 

9 The next portion of Claim 1 to be construed 

10 involves that portion of Claim 1 stating, "Aerated and said 

11 reaction tank to provide a dissolved oxygen concentration at 

12 from about 0.01 pounds per hour to about 70 pounds per 

13 hour." I also want to construe in conjunction with that 

14 portion of Claim 1 that deals with "about 50 gallons per 

15 minute to about 500 gallons per minute and about 50 

16 milligrams per liter to about 1,000 milligrams per liter." 

17 Based upon the consideration of the language, 

18 based upon the expert testimony in particular, and so this 

19 is one in which I am relying on extrinsic evidence, I 

20 determined that this refers to a rate of aeration, and that 

21 the limitations excuse me -- that the ranges expressed in 

22 terms of "50 gallons per minute to about 500 gallons per 

23 minute and about 50 milligrams per liter to about 1,000 

24 milligrams per liter" are not intended as limitations on the 
2 5 patent. 

Heritage Reporting Corporation 
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1 The next portion of Claim 1 to be construed 

2 involves "flocculating agency polymer." By agreement of the 

3 parties that is construed to include a polyelectrolyte . 

4 The next portion of Claim 1 of the 800 patent to 

5 be construed involves "a group consisting of cationic and 

6 anionic polymers." By agreement of the parties that phrase 

7 is construed as "limited to cationic and anionic polymers, 

8 but includes any cationic or anionic polymer." 

9 Moving now to Claim 2 of the 800 patent, the 

10 phrase "further dewatering the floccules separated in step 

11 E." By agreement of the parties that phrase means 

12 "processing the floccules separated in step E in a second or 

13 later stage . " 

14 The next portion of the 800 patent to be construed 

15 is Claim 9, the phrase "polishing means." 

16 Could I get you to pause for a second, please? 

17 (Pause.) 

18 THE COURT: All right, going to Claim 9, the 

19 phrase "polishing means." By agreement of the parties that 

20 is construed to mean "limited to a polishing pound, a 

21 settling pond and a polishing tank and their equivalents." 

22 Claim 21, still in the 800 patent, "use for 

23 primary clarification purposes" is the phrase to be 

24 construed. By agreement of the parties that means "to 

25 include in a first-stage clarifier." Excuse me. That means 

Heritage Reporting Corporation 
(202) 628-4888 
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1 to be construed as "in a first-stage clarifier." 

2 Still in the 800 patent Claim 22, "used for 

3 settling purposes." By agreement of the parties this means 

4 "in a settling pond or tank." 

5 Claim 23 of the 800 patent, the Court is going to 

6 reserve ruling on Claim 23. I believe that there are 

7 serious concerns regarding the definiteness or in fact 

8 indef initeness of this claim, and in particular, I feel the 

9 need to review more closely the experts' oral testimony, so 

10 I'm going to reserve ruling on this claim, and we will 

11 discuss at the conclusion of the ruling how we will deal 

12 with that with respect to the impending trial . 

13 Moving now to the 4 97 patent, the portion of Claim 

14 one that states "aerator means having a shaft extending 

15 therefrom into said reaction vessel, said shaft having a 

16 discharge end for discharging oxidant." By agreement of the 

17 parties this is a means plus function. It refers to 

18 discharging air and other gaseous oxidants. 

19 The portion of the language in this claim that 

20 deals with "aerator means" is illustrated by item 6 in 

21 Figure 3. The remainder of this clause, this element 

22 dealing with "having a shaft extending therefrom into said 

23 reaction vessel, said shaft having a discharge end for 

24 discharging oxidant" is illustrated items 15, 16 and 17 in 

25 Figure 3. 

Heritage Reporting Corporation 
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July 20. 2001 

VIA FACSIMIL E ft. REGULAR MAIL 
The Honorable Francis M. Allegra 
United States Court of Federal Claims 
717 Madison Place. N.W. 
Washington. DC 20005 



RE: Chemical Separation Technology., Inc., and Sanford Stevenson, v. 
The United States of America, No. 97-21 C 

Dear Judge Allegra: 

As an officer of the Court, and in fairness to this Court and opposing counsel. I 
feel it is necessary to bring the following to the Court's attention. I write to advise you 
that Mr Stevenson has recently received notice from the USPTO of ttie allowance of 
his ADDlication Serial No. 09/652.272 for a United States Patent. I bring this to your 
Honoris Stion because Application Serial No. 09/652.272 is a continuing application 
from the application on which U.S. Patent No. 5.370.800 was based and thereby 
entitled to the same priority date of May 25. 1993. 

The allowed claims are essentially the same as those of the '800 patent except 
that they apply specifically to copper rather than to the Markush group of metals recited 
in claim 1 of the '800 patent. 

The sianificance of the allowance of this Patent Application to the present 
litiaation and your Honor's consideration of the United States invalidity contentions, is 
hat the prior art raised by Defendants, viz., the EPA manual, Inglis patent and the 
SumSlle site bid. were all specffically disclosed to the U.S. Pat^m a"d Trad 
Office f USPTO) in this recently granted application. The issues under 35 USC §102 
and Il03 in the claims presented to the USPTO. and essentially the same as those 
before yi^? Honor in Xhe present mailer. TJ^e decision of the USPTO to allow the claims 
in his aoDlication over the very prior art cited by Defendants we believe is both relevant 
?nd perLS that K Patent is valid under §§102 & 103 given the presumption 
of validity that attaches to a U.S. Patent. 
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The Honorable Francis M. Allegra 
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For instance, the broadest clairi. allowed in the application (claim 7. which will be 
renumbered as claim 1 when the patent issues) reads as follows: 

7 A method for removing metal compounds comprising copper metal 
compounds from waste water comprising the steps of: 

(a) adjusting the pH of the waste water to from about 5 to about 12; 

(b) aerating the waste water; 

(c) agitating the waste water, where steps (a), (b) and (c) are carried out 
simultaneously in a reaction tank and waste water is aerated in said 
reaction tank to provide a dissolved oxygen concentration at from about 
0 01 lb /hr to about 70 Ibs./hr at a waste water input flow rate of from 
about 50 galVmin. to about 500 gal./min. for a copper metal concentration 
of from about 50 mg./L to about 1.000 mg./L; 

(d) then adding a flocculating agent polymer selected from a group 
consisting of cationic and anionic polymers to the water and allowing 
floccules including said copper metal compounds to form floccules; and 

(e) then separating said floccules including said copper metal compounds 
from the water. 

We have requested, and will be receiving, the a certified copy of the prosecuWon 
history and patent that relates to Application Serial No. 09/652.272 We an^c.pa^e the 
cS cofSes to be available within 30 days. Upon receipt, we will fonyard a certified 
copy Sthe^same to your attention, and request that you take judical "O^ce oHhese 
facts, disclosed by the prosecution history and patent, pursuant to F.R.E. 201 . 

Respectfully Submitted: 

TARASI. TARASI & FISHMAN, P.C. 




Louis M. Tarasi, Jr.. Esquire 



cc: 

Cameron Elliot. Esquire 



LOUIS M. TARASI. JR. 
Certified Civil Trial Advocate by the National 
Board of Trial Advocacy. A Pennsylvania 
Supreme Court Approved Agency. 

ELIZABETH M. TARASI 
CRAIG L. FISHMAN 



Tarasi, Tarasi 5c Fishma 



Attorneys and Counselors at 



CHRISTINA K. HURNYAK 
C. WILLIAM KENNY 
GIANNI FLORO 



510 Third Avenue 
Pfttsbuf^. Pennsylvania 1 52 1 9-2 1 9 1 
(412)391-7135 Fax:(412)471-2673 



Website: www.tarasilaw.conn 
E-mail: tarasilaw@aoLcom 



July 24, 2001 



VIA FEDERAL EXPRESS 

Cameron Elliot, Esquire 
Commercial Litigation Branch 
Civil Division 
Department of Justice 
Washington, DC 20530 

RE: CST & Stevenson v. U.S. 
97-21 C 

Dear Mr. Elliot: 

In response to your correspondence of July 20^, enclosed, please find Mr. 
Stevenson's file relative to the prosecution of his Application Serial No. 09/652,272, 
excluding the prior art. 



I have copied the Court on this correspondence, and included the enclosures. 
Upon receipt of the certified copies of the prosecution history and patent, I will forward a 
copy to you at the same time I provide the original to the Court. 



Sincerely 



TARASI, TARASI & FISHMAN, P.C. 



C. William Kenny, Esquire 
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cc: 



The Honorable Francis M. Allegra (w/enclosure) 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Tradonark Office 

MarthH 1997 



Tins IS TO CERTIFYTHAT ANNEXED IS A TRUE COPY FROM THE RECORDS 
OF THIS OFFICE OF THE FILE WRAPPER AND CONTENTS OF: 

APPUCATION NUMBER: 08/072,418 
FILING DATE: May 25, 1993 
PATENT NUMBER: 5,370,800 
ISSUEDATE: December 06, 1994 
TITLE OF INVENTION: 

METHOD FOR REMOVING METAL COMPOUNDS FROM WASTE WATER 

INVENTOR(S): 

STEVENSON, SANFORD M. 




By Autbority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 



T. LAWRENCE 
CotUyint Officer 
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Transmitted herewith for filing Is the patent application of 
Inventor sanford m. Stevenson 

fori METHOD AND APPARATUS FOR REMOVING METAL COMPOUNDS 

FROM WASTE WATER 

Bnclosed arei 



|x 1 2 sheets of informal drawings. 
I j An asslgnfflent of the Invention to 



application. 



I I A certified copy of a _ 

j X { Declaration and Power of Attorney for a Patent Application 

\ X / A verified statement bo establish small entity status under 
37 CFR 1.9 and 37 CFR 1.27. 

nri 

I 1 PETITION TO MAKE SPECIAL UNDER 37 CFR §1.102 (c) 

The filing fee has been calculated as shown below 
(Col. 1) (Col. 2) 
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: \) METHOD AMD A P P A?tAyj3 FOR REMOVING METAL 
COMPO'JNDS FROM WASTE WATER 

Background of the Invention 



irThe present invention relates to the treatment of waste 
water, and, in particular, to the treatment of water to remove 
various precipitated or suspended metal compounds therefrom. 

Runoffs from a number of industrial operations such as 
electrical power plants, steel plants and mines are known to be 
contaminated with various metal compounds including iron, 
manganese, aluminum, zinc, copper, lead, arsenic and chromium. 
Such contaminants may pose a serious environmental problem. 
Methods heretofore used to remove such contaminants have included 
the, additional lime, soda ash or other neutralizing agents and 
the use of holding ponds or clarifying tanks. Such methods have 
not, however, been entirely satisfactory because of the lengthy 
periods of time which they would generally be required to effect 
treatment. 

Summary of the Invention 

It is therefore an object of the present invention to 
provide an improved method and apparatus for removing precipitate 
or suspended metal compounds from waste water. 

In this method the pH of the water is first adjusted 
from 6 to 10. Preferred neutralizing agents are sodium 
hydroxide, and anhydrous ammonia wh.en the waste water is overly 
acidic or sulfuric acid or hydrochloride acid when it is overly 
basic. The water is also aerated to a dissolved oxygen 

EXPRESS MAIL TB208045849US 1 D 02 4 722 



concentration of from .01 lo. r.r. to 70 lb. /hr .^Neutralization 
and aeration may preferably oe cone simultaneously. A polymeric 
flocculating agent is then added to the water. The metal 
compounds are then flocculated, and the flocculated metal 
compounds are separated from the water by means of a rotary drum 
thickener, clarifier or other suitable means. A preferred 
flocculating agent is an anionic or cationic polymer wherein the 
use of an anionic polymer would be preferred for primary 

clarification or setting purposes while the cationic polymer 

would be preferred for dewatering purposes. The flocculated 

metal compounds are then further dewatered in a belt filter press 

or other suitable apparatus. 

Brief Description of the Drawings 
The present invention is further described with 

reference to the accompanying drawing in which: 

Figure 1 is a schematic drawing of apparatus used to 

carry out one preferred embodiment of the method of the present 

invention; 

Figure 2 is a schematic drawing of apparatus used to 
carry out another preferred embodiment of the method of the 
present invention; 

Figure 3 is a schematic drawing of apparatus used to 
carry out a third preferred embodiment of the method of the 
present invention; and 
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Figure 4 is a sctera^.lc drawing of apparatus used to 
carry out a fourth preferred embodiment of the method of the 
present invention. 

Detailed Description 
Referring to Figure 1, the raw water source is shown at 
numeral 10. Waste water is removed from this source in line 12. 
Neutralizing agent tank 14 is connected by line 16 to reaction 
tank 18 where water from line 12 is simultaneously mixed with 
neutralizing agent, aerated and agitated. A preferred embodiment 
of the reaction tank 18 is described in U.S. Patent No. 4,749,497 
although it has now been found that in some cases the apparatus 
disclosed in that patent may ^^^^^^^^^j^^^^^^^^^y modified by the 
removal of its baffles and the^ Volocotio n of the aeration mixing 
unit to a 45** angle to the vertical plane of the reaction tank. 
The rate of aeration would normally be from about Ibs./hr. to 
about 70 Ibs./hr. for a metals concentration of 50 rag. /I. to 
1,000 mg. /I. at a raw water input flow rate of 50 gal./min. to 
500 gal./min. The pH of the water is adjusted to between 5 and 
12 and preferably to between 6 and 9. It will be understood that 
for regulatory reasons if the pH is adjusted to above 9, it will 
ordinary be necessary to reduce the to below that level on 
completion of the process described herein. The water is then 
removed in line 20 to rotary drum thickener 22. A flocculating 
agent from polymer tank 24 is also moved in line 26 to line 20 to 
be mixed with the water in rotary drux thickener 22 where the 
metal compounds are flocculated and separated. Such polymers 
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which are used for primary c Id: . f ication purposes are anionic 
polymers. NALCO 7767 is a suitable commercially available anionic 
polymer. Cationic polymers may be used for dewatering purposes 
and may be selected from the following commercially available 
polymers: PERCOL AC 737 and UNIFLOC 630. Water from the rotary 
drum thickener is removed in line 28 to polishing pond 30 from 
where outfall is removed in line 32. Water and flocculated metal 
compounds are removed from the rotary drum thickener in line 34. 
Additional polymer from polymer tank 36 is moved in line 38 to be 
mixed with water and flocculated metal compound in line 38 which 
are then moved to belt filter press 40 where thaj ft^t^tfii, are 
dewatered and from which water is removed to the polishing pond 
in line 42. 

Referring to Figure 2, waste water from a raw water 
source 110 is removed in line 112 to be mixed with neutralizing 
agent from tank 114 moved in line 116 to reaction tank 118. The 
neutralized, aerated and agitated water is then removed in line 
120 to clarifier 122 to which flocculating agent from polymer 
tank 124 through line^^ is mixed. Water is removed from the 
clarifier in line 128 to polis.lir.g pond 130 from where outfall is 
released from line 132. Flocculated Tietal compound along with 
water is removed from the clar.r.er line 134 from where is 
mixed with additional polymer i: - po.yn.er tank 136 and line 138 
and then dewatered in belt fi.-»- :r^ss 140 where additional 
water is removed and transport-: • --. polishing pond in line 
142. 
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Referring to -aste water from raw water 

source 210 is removed :r . a-d neutralizing agent from 

tank 214 is removed in . • ■ reaction tank 218 from where 

it is removed in line 220 • -t . : ier 222 after being mixed with 
flocculating agent from po.yr*-: -ank 224 moved through line 226. 
Water from the clarifier is :e-.. ed in line 228 to polishing pond 
230 from where outfall is rerovec in line 232. Floccules 
containing metal compounds are removed with water from the 
clarifier in line 234. Additional polymer from polymer tank 236 
removed in line 238 to be mixed with the floccules which are then 
introduced to rotary drum thickener 239 and are then introduced 
to belt filter press 240 after mixed with additional polymer from 
tank 241 which is removed in line 243 and mixed with water from 
the rotary drum thickener removed through line 245. Water from 
the belt filter press is removed in line 242 and transformed with 
water from line 244 from rotary drum thickener 239 to the 
polishing pond. 

Referring to Figure 4, waste water from raw water 
source 310 is removed in line 312 and mixed with neutralizing 
agent from tank 314 and line 316 in reaction tank 318 from where 
water is removed in line 320 to settling pond 322. Flocculating 
agent is introduced from polymer tank 324 through line 326. 
Water is removed from the settling pond in line 328 to polishing 
pond 330 from where outfall is removed in line 332. Floccules 
containing metal compound along with water are removed in line 
334 and are mixed with additional polymer from tank 336 
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introduced through line 338 ar.d then dewatered in belt filter 
press 340 from which water is removed to the polishing tank in 
line 342. Alternatively, portions of the floccules, water and 
polymer mixture in line 334 are also diverted to borehole 344 and 
drying bed 346. 

The method and apparatus of the present invention is 
further described with reference to the following example. 

Example 

350 GPM of waste water having a pH of 2, having 
dissolved metal concentrations of 10,000 ppm was first pumped 
from a collection area to a reaction vessel where it was aerated 
and agitated at a dissolved oxygen concentration of 3 lb. /HP 
hour. Sodium hydroxide was added automatically as the 
neutralizing agent, at juxtaposition to the waste water, aeration- 
and agitation point, to an adjusted pH of 8.5. The neutralized 
waste water is transferred to a f locculator reactor where a 

^ -UNIFLOC 630 cationic polymer is added at a rate of 2 

GPM. The instantaneous agglomeration of the neutralized waste 
water was transferred to a rotary drum thickener where water was 
filtered from the metal hydroxide sludge, where supernate water 
was removed to a polishing pond at a rate of approximately 300 
GPM. Metal hydroxide sludge was removed from the rotary drum 
thickener at a rate of approximately 50 GPM to a belt filter 
press where a cationic polymer was added at a rate of 1 GPM. 
After processing through the belt filter press cake solids were 
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recovered at a 15% to 40% dry solids. Water leaving the 
polishing pond consistently had a metal ion concentration below 
EPA permitted limits. 

Although the invention has been described with a 
certain degree of particularity, it is to be understood that the 
present disclosure has been made only as an example and that the 
scope of the invention is defined by what is claimed hereafter. 
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WHAT IS CLAIMED IS: 
J/ 1\ A method for removing metal compounds from waste 

1/ A 

water comprising the steps of : 

(a) adjusting the pH of the waste water to from 

about 5 to about 12; 
(OA aerating the waste water; 

(c) ^ then adding a flocculating agent to the water 
and allowing floccules including metal 

^compounds to form; and 

(d) Ahen separating said floccules including 
m^tal compounds from the water. 

2. The m^iod^f claim 1 wherein before step (c) there 
is added step (e) ^^flgitating the waste water; 

'3. The method of claim 1 wherein there is added the 
rther ^ep (f) of further dewatering the floccules separated in 
step (d)J 

^ The method of claim 1 wherein in step (a) the pH is 
adjusted to from about 6 to about 9. 

jLi^ V The method of claim l wherein steps (a) and (b) are 

I^C^a^ied out\ simultaneously. 

> V 

y^. The method of claim 1 wherein in step (a) the pH 
is adjusted by adding a neutralizing agent selected from sodium 
hydroxide, anhydrous ammonia, sulfuric acid and hydrochloric 
acid. 
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: wherein in step (b) the water 
^.incentration of about .01 



wherein in step (c) the 



7. The me/thoc 
is aerated to a disdoJve 
Ib./hr. to aboujr^O/ Ib./.^: . 

8. [The idfetKTJd o! a 
flocculating igent/ is a po.yr'^r . 

9. The method of c.a.r 8 wherein the polymer is 
selected from anionic or catior.ic polymer . 

y l\0. The method of claim 9 wherein the polymer is a 

ftionic polymer which is used for dewatering purposes. 

Ill The method claim 9 wherein the polymer is an 
anionic polynter which is used for primary clarification purposes. 

12. \ The method of claim 9 wherein the polymer is a 
anionic polymer which is used for settling purposes. 

13. Vrhe method of claim 8 wherein the polymer is added 
in a dilute concentration of from about 0.5% to about 1.5% by 
weight. 

14. Tke method of claim 1 wherein after step (d) a 
portion of the separated water is removed to a polishing pond. 

15. Tha method of claim 1 wherein in step (d) 
separation is conducted by means of a rotary drum thickener. 

16. The method of claim 3 wherein additional 
flocculating agent is added to at least a portion of the waste 
water containing the\ flocculated metal compound separated 
in step (d) . 
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IV. The method of claim 16 wherein after the addition 
of the addit ional flocculating agent, the flocculated metal 
compound is clewatered in step (f) in a belt filter press. 

181 The method of claim 16 wherein water removed in 
step (e) is nerooved to a polishing pond. 

19. \ The method of claim 3 wherein in step (c) 
separation is Conducted by means of a clarifier. 

20. The method of claim 19 wherein additional 
flocculating age|nt is added to at least a portion of the 
flocculated metal compound separated in step (d). 

21. The method of claim 20 wherein after the addition 
of the additional If locculating agent, the flocculated metal 
compound is dewateted in step (f) in a belt filter press. 

22. The method of claim 21 wherein water removed in 
step (e) is removed \to a polishing means. 

23. The method of claim 1 wherein in step (d) 
separation is conducted by^ means of sequential treatment in a 
clarifier and a rotarjndrum thickener. 

24. The metliod of claim 23 wherein additional 
flocculating agent is atided after the clarifier and then again 
after the rotary drum tiickener. 

25. The method of claim 24 wherein after the 
additional flocculating kgent, the flocculated metal compound is 
dewatered in step (f) into belt filter press. 

26. The method V)f claix 25 wherein the water removed 
in step (e) is removed to a polishing pond. 
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27./ The method o: cairn 1 wherein in step (d) 
separation is conducted by rear.s of a settlina oond. 

The method of claim 27 wherein additional 
flocculatina agent is added after the settling pond. 

Jli^T The method of claim ^^wherein after the 
additional polymer is added the flocculated metal compound is 
dewatered in step (f) in a belt filter press. 
i/ sO. The method of claim 24 wherein water removed in 

^St^(e) is \removed to a settling pond. 

^ 311 The method of claim 1 wherein the separated metal 

compounds ara selected from iron, manganese, aluminum, zinc, 
copper, lead ^rsenic and chromium. 

32. An apparatus f^r removing metal compounds from 
waste water comprising: 

(a) means fo^ adjusting the pH of the waste 
water; 

(b) means^xf^r^aerating the waste water; 

(c) means for ^dding a flocculating agent to 
:he wacer; ^ 

(d) [ mean^f or separating said floccules including 
:aY compo-rds from the water. 

33. The apparatus for r*»roving metal compounds from 
waste water wherein the/appara- .s .-c.-des as an element (e) a 
means for agitating thtf waste .v*- .-.c.^ is used in conjunction 
with elements (a) and fb). 
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34. The apparatus of claim 32 wherein the apparatus 
includes a means for further dewatering the floccules separated 
from the water by elefment (d). 

35. The 4paratus of claim 34 wherein said means for 
further dewateri^jgTyhe floccules is a belt filter press. 

36. y4he Apparatus of claim 35 wherein means are 
provided to adjust the pH, aerate and agitate the 
waste water. I 

37. ^Thfe apparatus of claim 36 wherein element (d) is a 
rotary drum filter. 

38. Tftie apparatus of claim 33 wherein elements 
(a), (b), and (^) are integrated into a single unit. 
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ABSTRACT^ QPTtte, gxuSCUoSvJ^B 
A method for removing metal compounds from waste water 
comprising the steps of adjusting the pH of the water to from 5 
to 12 and preferably 6 to 9; aerating the waste water; adding a 
flocculating agent to the water and allowing floccules including 
metal compounds to form; and separating said floccules including 
metal compounds from the water. An apparatus for carrying out 
this method is also disclosed. 



EXPRESS MAIL TB208045849US 13 



D024734 



OeCLAflA iN rOfl PATENT APPUCATION 
As a boiow na/nad irtvtntor. I haraOy ra tAat: 



Oooai Ngmo«. (Cotcft*) 
60014-1 

^ r««idanca. poat offiea addraaa and otixanahio art 4S tiattd baiow ntxt to my nama. 0?| O'/^j Ml? 

I btiiaTS I am tho onginaL ftm and aolo invomor (I on^ o^o '^ama ts tistod boiow) or an original, firat and joint invomor fir otur^ 
namaa art tiatad boiow) of tht tuojod masar wrnen m cuimto and for whicft a Mam it sougfn on tnt tnvontion tmmod 

METHOD AND APPARATTTg PHP REMOVING MFTAT. C0 HP<5UNDS fSTOM m^^,i^^^r^^^ 

WASTE WATER 

it anaenod htrtto urtloaa tha following box it eftooiod: 

Q w«» filod on ' aa Un«oo Suttt Acotieatsn Numbar or PCT tniamational Appfieation 

Numbor and w«a amandod on (if applieabla). 

I haraby ttata that I havo raviawod and undarstand tho cemanta of tha abovo dantfiod spocTcation. tncMing tho eUimt. aa 
amandod by any amondmant rafarrad to above. 

1 acfcnowtadga tho duty to diactoaa inforniation whicti ia mstanoi to tha axamination of thta application in aecor^anco with 
TrUo 37. Coda of Fadoral Ragulttona* | M6(a). 

1 hortby daim foraign priority bantfttt undar Trtla 35. Unitad Stataa Coda, f 1 19 of any foraign applieation(t) for patant or 
invomor^ cartif ieata Itstad balow and havo alao idantif iad batow any foraign application for patant or invartor't oartifieato 
having a filing data bafora that of tha application on which pnonty it daimad. 

Prior Foraign Application(a) 



Priority Ctaimtd 



(Numbar) 


(County) 


(Oay/Monttnrtar Rod) 




□ YoaQNo 


(Numoar) 


(County) 


(OayvMontVYtarntd) 




□ YoaQNo 



(Numbto (County) (Oay/Man«^aar Rod) □ YoaQNo 

I hartby claim tho banofit undar Tdia 35. Unrtad Stataa Coda, f 120 of any Unitad Stataa applic«ion(a) ftatad bolow and. insofar 
aa tha subjaa manar of aaen of tho daima of thra application it not ditdotad in tha prior Unitad Stataa appGcation in tha manntr 
providad by tha firs paragraph d Titta 35. Unitad Stataa Coda, f n 2. t aduiowfodga tha duty to diadoao msarial information aa 
dafinad in Tftta 37. Coda of Padarai Ragulationt. § liM(a) which ooeurrtd botwaan tha fing data of tho prior application and tha 
national or PCT imamationai fifing data of thia applieaoon. 



(Appiicaoon Nufflbar) (ffing Oaa) (Suu - paianML panding. ^Monod) 



(Apptieaoon Numbar) (Ring Oa») (; 



I horaby appoint tho following «iomoy(a) and/or agant(a) to prmocuto thia appScation and to bwaact afl buatnoaa in tho 
/^^atant and Tradamam OfTica oonnoctod thorowitfi: 

*^ DANIEL J. LQMG, REnTfiTRATTON Kn ^Q dHA 

Addraaa all talaphonocalla to h&mtft. .t. r.n^n m trtaohono numbar (413 W71 -Qfi-^-^ 



KQPPERS BUILPr^n 



436 SEVENTH AVENL'E 



PITTSBURGH, PA 1S219 



t hartby dodara thai afl aMomonta mado horoin of my own knwMOQo art tuo and thai afl atattmonta mado on mtermation 



boMarobdiovodtobona;andfuftfkorth«tha«o ataiamorvawa <naia wan tfioknowMga that wIM fate atatamonta and tho 
IjlsoaomadotepunithaMabyflnoorimprtenmaniorba^ ^loor SottMlOOIofTkte Unitad Statoo Coda and that 

auch wfOful falao ataumama may Joopardira tho validity of M aMacMn ar any patant iaauad moraon. 
JOFuU namo of tola or flrit tny^htor teivan j>anM, ftmtly n«noi ^Avr -pn cwyyMcoM 
Invontort tignatura ^ -^"^ Om ^ ^^sy yj: 

Roaidonco 124 BRAUN Dff^^ MrMTiPt^^y i >^ Cfcanahp UNITED 



^ UNITED gTATPg OP AMroTrA 

P^Gm^AMf^ 124 BRAUN DRIVE, MCM iK ISII? 



FuU namo of taeond ioim 'mmtoi. i any (givon namo. fam^ 
Sooond Invamofa aignatura 



Roaidaneo Cteanah^ 
Poat Ofneo Addraaa 



O ^^^'*^'^'^>r«te*^'^^«^^***p«'*<«^^^^^^^^ D 024 735 



PTO/sa/ 01 (1 1-90) Peam and Trtdamartt Offfeo: U.S. DEPARTMENT OF CCMMEPCc 

EXPRESS MAIL TB208045849US 




©?|»'7P» HI? 

Pll^ CQNCURREWTT.Y HEREWITH Entitled: METHOD AMD APPAB>^„ 5 

FOR ftEMOVTM/: METAL rftMP O tlTing rpn., tf ft™" m>tpd '^ ^^-^g ftZMS 

STATUS (37 era 1.9(f) AND l.a7(b) - IMDEPENOENT INVENTOR 

As a b«low naaed Inv.ntor, I hereby declare that I qualify as an 
independent Inventor a. defined in 37 era 1.19(c) fSr purposes of payino 

Titli 35, united stateS codS 
to the Patent and Tradeaark Office with regard to the invention entitled' 
METH(}D AUn APPAHATHS TOR prMnvT,.r mpt ^t. ^ invention entit led, 
described in 

[ the specification filed herewith 

[ J application serial no. , fii,d 

( ] patent no. , issued ' — 



Jk??-**?*** ■••igned, granted, conveyed or licensed and as under no 

richtS irtlJ2**?Jv«*?f!!*'J ^" •"^9''' ~»^«V or license, any 

f:22^! i 5^? invention to any person who could not be classified as an 
J««S;?fr* inventor under 37 c.r.R. 1.9(c) if that person had »ad2 tS2 
invention, or to any concern which would not qualify as a snail business 
concern under 37 C.F.R. 1.9(d) or a non-profirorgaLzatton Sider ?7"?".R. 

Each person, concern or organization to which I have assianed aranted 
conveyed, or licensed or am under an obligation under cont?a« Ir ?a* 4o 
assign, grant, convey, or license any rights in the invention irii«ed 

[ XJfl no such person, concern, or organization 

[ ] persons, concerns or organizations listed below* 

*Mote: separate verified statements are required from each named 
fSfT^'**^?"""™ organization having rights to the invention averring to 
their status as small entities. (37 C.F.R. 1.27) erring to 



FULL NAME 
ADDRESS 



C ] INDIVIDUAL f ] SMALL BUSINESS CONCERN ( ] NON-PROFIT ORGAWIZATION 

I actaiowledge the duty to file, in this application or patent, notification 
of any change in status resulting in loss of entitlement to siairen^rty 
status prior to paying, or at the time of paying, the earliest of the issue 
fee or any maintenance fee due after the date on which status as a waU 
entity is no longer appropriate. (37 c.F.R. 1.28(b)) 

Jri"?,***!'.'^^ statements made herein of my own )cnowledge ire 
true and that all stateaents made on information and belief are believed to 
^J'^TiiSI? '"fther that these statements were made with the knowUdge 
that willful false statements and the liJce so made are punishable by fine 
or imprisonment, or both, under section 1001 of Title 18 of the Uniied 
States code, and that such wiUful false statements may jeopardize t*« 
''S}^?*!^"' «»# •PPlication. eny patent issuing thereof, or any p'tert -o 
which this verified statesent is directed. pai«r. .0 

SAHFORD M. STEVEWsnN 

NAME OF INVENTOR OAMC or INVENTOR NAME OF INVENTOR ~ 



SIGNATURE OF INVENTOR : -.uKTCVtt OF INVENTOR SIGNATURE OF Isvisf^T" 



DATE ^-f - DATE 



EXPRESS MAIL TB20804S-« 



D024736 



. ■ I 



"OB 07241 



12 



24 



rl8 I 

\ V >.22 

7^J'\'*'*y 20 




^32 



FIG. I 




142 



FIG. 2 



NO. TB208045849OS 



D024737 




FIG. 4 

K%r'-£fi HAIL NO. TB 20804S849aS 

D024738 



AUG ti, 1993 



UNITED STA-.c£ OCPMTMEMT OF COMMCl 
Patant and Tradamarfc Offlea 

ASSISTANT SCCRETART ANO COMMISSIONEI) 
0' PATENTS ANO TRAOEMARKS 
Wnnington DC 20231 

Pap«r No. 3 



o 



In r« application of: 
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Serial No. 08/072,418 
Filad: May 25, 1993 

For: METHOD AND APPARATUS FOR REMOVING 
METAL COMPOUNDS FROM WASTE HATER 
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This is in rasponsa to tha petition filad May 25, 1993, 
requesting that the above identified application be granted 
Special Status under Section 708.02 (VI) of the MPEP. 
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following reasons: Section 708.02 (VI) of the MPEP requires that 
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environmental quality enhancement accompany the petition. Since no 
such affidavit/declaration accompanied the petition, the petition 
is incomplete. Accordingly, the petition is denied. 
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Art Unit: 1308 

1. Restriction to on« of th« following inventions is rsquirsd 
undsr 35 U.S.C. 121: 

Croup X. Claims 1-31, drawn to a asthod, classifisd in 
Class 210, subclass 721. 

Croup II. Claims 32-38, drawn to an apparatus, classified 
in Class 210, subclass 202. 

The inventions are distinct, each from the other because of 
the following reasons: 

2. Inventions I and II are related as process and apparatus for 
its practice. The inventions are distinct if it can be shown 
that either: (l) the process as claimed can be practiced by 
another materially different apparatus or by hand, or (2) the 
apparatus as claimed can be used to practice another and 
materially different process. (M.P.E.P. S 806.05(e)). In this 
case the apparatus as claimed can be used to practice a 
materially different method such as an ore separation method. 

3. Because these inventions are distinct for the reasons given 
above and have acquired a separate status in the art as shown by 
their different classification and recognized divergent subject 
matter, restriction for examination purposes as indicated is 
proper . 

4. During a telephone conversation with Daniel J. Long on li- 
18-93 a provisional election was made without traverse to 
prosecute the invention of Croup I, claims 1-31. Affirmation of 
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this •laction must bs mads by applicant in rssponding to this 
Offics action. Claims 32-38 ars withdrawn from furthsr 
considsration by ths Exaainar, 37 C.f.R. s 1.142(b), as bsing 
drawn to a non*«lactad invantion. 

5. Ths disclosurs is objsctsd to bscauss of ths following 
informalitiss: In the spscif ication on pags 3 "vslocation" and 
"ph" should bs changad to - relocation - and - pH 
raspsctivsly; and on page 4 "125" should be changed to - 126 
Appropriate correction is required. 

6. Claims 2, 18, 22, 26, and 31 are rejected under 35 U.S.C. 
S 112, second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. In claim 2 step (e) is 
not in sequence. In claims 18, 22, and 26 "water removed in step 
(e)" lacks clear antecedent basis. In claim 31 line 3 a comma 
should be inserted after '*lead**. 

7. The following is a quotation of 35 U.S.C. $ 103 which forms 
the basis for all obviousness rejections set forth in this Office 
action: 

A patent may not be obtained though the invention is not 
identically disclosed or described as set forth in section 
102 of this title, if the differences between the subject 
natter sought to be patented and the prior art are such that 
the subject matter as a whole would have been obvious at the 
time the invention was nade to a person having ordinary 
skill in the art to which said subject matter pertains. 
Patentability sha i : not be negatived by the manner in which 
the invention ^as ajde. 

Subject matter J#.»::p«d by another person, which qualifies 
as prior art sr., *rj«r subsection (f) or (g) of section 102 
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of this titl«, shall not pracluda patantability undar this 
•action vhara tha aubjact mattar and tha claimad invantion 
vara, at tha tiaa tha invantion vaa aada, ovnad by tha aaraa 
parson or subjact to an obligation of assionaant to tha sama 
parson. 

8. Claims 1, 2, 4-13, 19, 27, 28, and 3X ara rajactad undar 35 
C.S.C, S 103 aa baing unpatantabla ovar Halkar in viaw of Spenca 
at al.. Walkar diaclosas (saa cols. 3-5) a aathod for raaoving 
natal compounds from vasta vatar substantially as claimad. Tha 
claims diffar from Walkar by raciting tha addition of a 
flocculating agant to tha watar to allow flocculas including 
matal compounds to form. Spanca at al. discloses (see cols. 2 
and 3) that it is known in tha art to add cationic coagulating 
aganta and anionic flocculating agants to form a floe and 
facilitata ramoval of heavy metals from waste watar. It would 
have bean obvious to one skilled in the art to modify the method 
of Walkar by addition of the cationic coagulating agents and 
anionic flocculating agents taught in Spence et al., to form a 
floe and facilitata tha ramoval of heavy metals from the waste 
watar. With regard to claims 10-13, it wall known in the art of 
waste watar treatment to utilize the polymers of Spence et al. 
for dawataring, clarification, and settling purposaa, and to add 
these polymers as dilute aqueous solutions. 

9. Claims -3, 16, 17, 20, and 21 ara rejected under 35 u.s.c. 
S 103 as baing unpatentable over Walker in view of Spence et al. 
and further in view of Taylor et al.. The claims differ Taylor 



D024746 



""^^ Serial Numbar: 08/072,418 



Art Unit: 1308 



•t .1. by r.citin, that th. floccul.. «. furth.r d.v.t.r.d by 
th. addition Of .ddition.1 flocculating .,.nt .nd by u.in, a b^lt 
flltar pr.... Taylor at al. di.clo.. (... col.. 4. ix. 
that it i. known i„ th. art to d.wat.r h.avy ..tal ra.idu.. by 
th. addition Of flocculating ag.nt. and by u.in, a bait fiit.r 
pr.... It would hav. b.« obviou. to on. .Xill.d in th. art to 
.odlfy th. r.f.r.nc.. a. appu., .^v.. additional 
flocculating ag.nt and by u.. of . h.it f ixt.r pr.s. i„ vi.w of 
Taylor at al.. to aid in dewat.rin, of th. floccule,. 
10. Clai« 14 i. r.j.ct.d under 35 U.S.C. $ xo3 ,.i„,' 
unpatantabl. ov.r WalX.r in vi.w of Sp.nc. .t al.. „ 
furthar in vi.w of Whittl.. Th. cl.i. diff.r. fro. th. 
r.f.r.nc.. appliad .bov. by r.citing that a portion of th. 
..paratad wat.r i. r..ov.d to a polishing pond, whittl. 
disclo... (... FXg. , ^^^^ 

vatar tr..t..nt to transf.r wa.t. wat.r to a polishing pond for 
final tr.at..„t b.for. b.i„g di.chargad into a r.c.iving str.a« 
It would hav. b..n obviou, to on. aXill.d in th. art to modify 

tha r.f.r,nc.. a. applied above, by utilizing a poli.hin, pond .n 

viaw Of th. taaching. of Whittle, to furth.r tr.at th. wast. 

watar prior to discharge into a r.civing str.a.. 

11. Claim, is. 23. 24. 29. and 30 ar. rej.ct.d und.r 35 u.s.c. 

$ 103 as being unpatentable over WalX.r in vi.w of Spence et al. 

a. abov.. and further in view of Ba.tgw .t al. . Th. claims 
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differ froa the referencee as applied above by reciting that the 
flocculee are separated in a rotary drua thickener. Bastgen et 
al, discloses (see cols. 5 and 6) that it is known in the art of 
water treatnent to utilize a rotary dnm thickener to thicken and 
dewater flocculated solids. It would have been obvious to one 
skilled in the art to modify the references as applied above, by 
utilizing a rotary drum thickener in view of Bastgen et al., to 
aid in separating the floccules froa the water. The use of a 
specific sequence of separation and additional flocculating 
agent, would have been an obvious natter of process optimization 
to one skilled in the art, depending on the specific waste water 
treated and results desired, absent a sufficient showing of 
unexpected results. 

12. Claims 18 and 22 are rejected under 35 U.S.C. S 103 as being 
unpatentable over Walker in view of Spence et al, and Taylor et 
al. as above and further in view of Whittle. The claims differ 
froa the references as applied above by reciting that a portion 
of the separated water is removed to a polishing pond. Whittle 
discloses (see Fig. i and col. 6) that it is known in the art of 
water treatment to transfer waste water to a polishing pond for 
final treatment before being discharged into a receiving stream. 
It would have been obvious to one skilled in the art to modify 
the references as applied above, by utilizing a polishing pond in 
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viw of th. taaehings of whittU, to furttoor troat tho vast, 
watar prior to discharga into a racaivin? atroam. 
13. Claia 3S ia rajactad under 35 O.S.C. S 103 aa baing 
unpatantabla ovar Mallear in viav of Spanca at al. and Taylor at 
al. and furthar in viaw of Baatgan at al.. Tha claia diffara 
froa tha rafaraneaa aa appliad abova by raciting that tha 
floccula. ara aaparatad in a rotary drua thiclcanar. Baatgan at 
al. diacloaaa (aaa cola. 5 and 6) that it ia known in tha art of 
watar traatmant to utlli,. . rotary drua thiOcanar to thickan and 
dawatar flocculated aolida. it would hav. baan obviou. to one 
akilled in the art to modify tha referencea as applied above, by 
utilizing a rotary drum thickener in view of Bastgen at al.. . to 
aid in aeparating the flocculea from the water. 
14. Claia 36 ia rejected under 35 O.S.C. S 103 aa being 
unpatentable over Walker in view of Spence et al., Taylor et al., 
and Baatgan et al. as above, and further in view of Whittle. The 
claia diffara froa the references as applied above by reciting 
that tha aaparatad watar is reaoved to a polishing pond. Whittle 
discloses (aaa Pig. i and col. 6) that it is known in the art of 
water treataent to transfer waste water to a polishing pond for 
final treataent before being discharged into a receiving streae. 
It would have been obvious to one skilled in the art to modify 
the referencea aa applied above, by utilizing a polishing pond in 
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vi«w of th. teaching, of Whittla, to further treat the waste 
water prior to discharge into a receiving streao. 

15. The prior art eade of record and not relied upon is 
considered pertinent to applicant's disclosure. 

16. Any inquiry concerning this comnunication or earlier 
cowDunications fro> the examiner should be directed to Peter A. 
Hruskoci whose telephone number is (703) 308-3839. Any inquiry 
of a general nature or relating to the status of this application 
should be directed to the Group receptionist whose telephone 
nuaber is (703) 308-0651. 



Nove»ber 23. 1993 Primary Examiner 

Art Unit 130S 
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Bntitlad: METHOD AND APPARATUS POR REMOVING 
KBTAXi COMPOUHDS PROM WASTS WATER 

- - -oOo* - - 



OFFICIAL 



Pittsburgh I PaaoaylvAaia IS219 
Jaaa 17, 1994 

Ron. Comiaaioaar of Pataata'and Tradaaarka 
tfaahiagtoa, O.C. 20331 

MflwamfT 

Sir: 

Plaaaa amand tha abova eaptionad application aa 

follova: 

IM THE SPECIPXCATIOM: 

On pag* 3, lino IS, aftar "about", d«leta -.io* and " 
aubatituta •••.01—. 

XM THE CLAIMS; 



1. (Tvica Anaadad) A nathod for ramoviag matal 
'T^i ^ eospouada aalacf d froa iron. SyiiSffiatf aluninug, mine, eoppT, 
laad, araaaie and ehronioa froa vasta vatar conpriaing tha atapa 
] of: 

(a) adjusting tha pH of tha vaata watar to froa about 
S to about 12; 

(b) aaratiag tha vaata watar; 
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(c) [iinult«a«ously with step (b)) ft9itKl&9 tb^ v«sc« 
^ i*>^>fjwh^r^<w ■tr«p« r*\. /hi ^firf ie\ art carried 

out: •iBqIf nteualy iii a raagfei^ti fciink and waaf 
vatT !■ atrafd in Mid r«gt^ifl« tank to provide 
a diaaoivd oicYqafl eoneancratifln at froa about .01 
Ih./hf. ?0 Iba./hr. A waata watar 

iRput flaw rata of froa about SO gal./min. to 
about SOO oal./nin. for a aatala eoneantration of 
from about 50 no. 71, to abour l.QQO mo. /I. 

(d) than adding a floeeulatlng agaat polymar 
•alaetod tron a group eona lacing of eationic and 
anionic polymara to tha watar and allowing 
floceulaa including taid reatal eoBpouada to fora; 
and 

(a) than aaparating aaid floceulaa including uSj^ 
matal coapounda froa tha vatar. | 



caneal clalaa 5, Ji« and 39. 

Rtconaidaratioa ia raapeetfully requaat. Tha abova 
pi^^MOdMAt ia aada purauant to a telaphona intarviav conductad 
Jnnm l$, iff 4 with tba Cxaalnar. Support for tha aaandmant to 
tho apacificatioa ia at paga 2, lino 1. Tha uaa of tha numbar 
'.10* rathar than *.0l* at paga 3, Una 15 «aa dua to a clarical 
arror. 
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Th« applleut vifhta to Mk« of rocord that tho 
uodorti^od 4ttornoy «nd tho BxAaiaor «grood during tHoir 
tolophono lntorvi«w thot tho purposo of tho oorotion and flow 
roto liaitotioao tddod by tho oaondaont to otop (c) of cloia 1 
voo to dofino « roago of dittolvod oxygen concontrotlont for tho 
motalo coaeoatratiooi vhieb vould reoait troa too rocitod ratios 
of aaratioa and flow rata linitationa. Tho intantion of thia 
laoguaga vaa not to liait tho application of thia elaia to any 
particular «aata vatar flov rata auch aa SO gal./mln. to 500 
gal./aia. 

Tn vi«v of tha foroooing, tha inatant application ia 
baliavod to bo in condition for allovanca, and, tharofora, an 
aarly iaauanco tharaof ia aarnaatly aolicitod. 

If tho Bxaainar baliavaa tnat a talapnono intarviev 
vould bo bonofielal to advanca proaacution of tha inatant 
application to oarly iaaua, ha ia invitad to contact tha 
undoraignad at tha talaphono nuAbar liitad balow. 

Raapactfttlly aubaittad^ 




Oaniol J. Lol , 
Attornay for J^l£eaa« 
OJLoag/lcl 

Aro« Coda 412-471-9633 
PAX 412-7«S*15a3 

CtATtriCATIOBI OF FACSTMILI TRAMSMISSIOH 
I haraby cart if y that thia papar ia baing factimile 
tranaaittod' to tha Pataat and Tradaaark Offica on tho data ahown 
balow and to faeaiAilo nuab«r 703-30SO<01. 



LittdA C. LaCona 



Juna 17, 1904 
Data 
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IN THE UNITED STATES COURT OF FEDERAL CLAIMS 



No. 97-210 

Judge Francis M. Allegra 



CHEMICAL SEPARATION TECHNOLOGY, INC.. 
and SANFORD M. STEVENSON. 

Plaintiffs, 

V. 

THE UNITED STATES. 

) 

Defendant. ) 

DECLARATION OF JOHN A. ROTH 

John A. Roth, of Nashville, Tennessee, declares under penalty of perjury that the 
following is true and correct: 

1, lama reglsteredprofessionatengineerinthestateof Kentucky, have a 

bachelors (1956) and masters (1957) in chemical engineering from the University of 
Louisville, and a Ph.D. (1961) in chemical engineering from University of Louisville. 1 
served two years in the Airforce. and have been an assistant professor to professor at 
Vanderbilt University from 1962 to the present, teaching chemical and environmental 
engineering. In 1976-77, 1 sen/ed as the commissioner for environmental protection for 
the Commonwealth of Kentucky. I have been active in environmental consulting and 
research from 1 972 to the present. My specific consulting and research projects, as 
well as publications are set forth in my C.V. attached hereto as Exhibit 1. With regard to 
waste water treatment chemistry and technology my specific experience would Include 
Industrial waste water treatment with emphasis in chemical oxidation. I have analyzed 
waste water treatment systems, and am familiar with the techniques, apparatus. 



operations, and chemistry utilized in the waste water treatment Industry. 

2. I have been asked by Chemical Separation Technology, Inc., and Sanford 
M. Stevenson, to provide my opinions regarding the scope and validity of U.S. Patents 
Nos. 4,749,497 and 6.370,800 in connection with their claim of infringement by the 
United Stales Government. 

3. Within the preceding four years I have not testified as an expert at trial or 
by deposition. 

4. I am charging $150.00 (ONE HUNDRED AND FIFTY DOLU\RS) per hour 
plus expenses for preparing the attached report and providing testimony at trial in 
November of this year. 

6. Attached to this declaration Is a true and correct copy of my report, 

containing my opinions, all of which are based my experience and the references 
attached, as well as all the documents Identified by Mr. Dupon's report, and Mr. Dupon's 
report, and are expressed within a reasonable degree of chemical and environmental 
engineering certainly. (Report attached as Exhibit 2) 

6. I declare under penalty of perjury that this declaration Is true and correct. 

Dated: June 22. 2000 



Joh'Ji A. Roth 
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John A. Roth 
Department of Chemical Engineering 
Box 1604, Sta. B 
Vanderbilt University 
Nashville, Tennessee 37235 
June 22, 2000 



Louis M. Tarasi, Jr., Esquire 
The Tarasi Law Firm, P.C. 
510 Third Ave. 
Pittsburgh, PA 15219 

You have asked me to express an expert opinion with respect to CST's and Mr. 
Stevenson's Patents. As an introduction to my opinion with regard to the 497 and 800 Patents of 
CST and Mr. Stevenson, it is clear from the history of the wastewater treatment industry that 
CST and Mr. Stevenson developed patents to have a contained portable system of treating mine 
wastewater. These systems were such that they could be placed in trailers and utilized to treat 
water which was previously treated by using ponds and other methods which required a great 
deal of land and a great deal of time. Because of this improved process, wastewater could be 
treated effectively to the point where the water would be usable and recyclable because the 
metals in the wastewater were precipitated and removed quite quickly and effectively from the 
water. In my opinion, both patents reflect something new and novel in the wastewater treatment 
industry. The obvious fact is that the history of the industry shows that nothing like this was on 
the scene or in use in any form whatsoever before the inventions of CST and Stevenson. 

Therefore, the patented apparatus and methods set forth by the 497 patent owned by CST 
and the 800 patent owned by Mr. Sanford Stevenson represent a significant improvement over 
the prior art. I have reviewed the patents involved, their prosecution histories, operational data, 
the opinion of Mr. Dupon, and the documents submitted with his report, and as a result, and in 
light of this factual background render my opinion as follows: 

As an mitial matter, with reference to the technology disclosed in the 497 and 800 
patents, I would define one skilled in the art as a person with an accredited bachelors degree, 
(Accreditation Board for Engineering and Technology, Inc., (ABET) Accredited Degree) in the 
areas of either environmental, chemical, civil, or mining engineering and about four years of 
responsible charge in design, research, development, testing or evaluation of industrial waste 
water treatment systems. 

An individual with this background would be able to read the patents and build and 
operate the inventions disclosed in the patents, because he would appreciate the chemistry, and 
would be able to design, construct and operate the systems to achieve the results which are the 
objects of the patents disclosed. 



EXHIBIT 2 
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Mine Wastewater Chemistry 

Mr. Dupon contends that "the pH of water is a measure of hydrogen ion activity, and 
represents an indirect indication of its acidity and alkalinity". He further contends, that 
"Generally speaking, the higher the pH, the more alkaline the water, the lower the pH, the more 
acidic it is, while a pH of 7 indicates neutrality". (Pg. 4, Dupon Report) This is an incorrect and 
misleading statement. In fact, 

Acidity = 2P2CO3] + [HC031 + [FT] - [Off] + ^nMe^ 

where. Me"*"" represents an amphoteric metal (such as Fe"*"^) in solution. Therefore, in a case of 
acid mine drainage, it is the metals which make up the bulk of acidity, and the hydrogen ion 
activity is a minor component of acidity.' 

Treatment Techniques 

Citing the Environmental Protection Agency's Design Manual: Neutralization of Acid 
Mine Drainage , Mr. Dupon contends that the use of a single reactor for oxidation and 
neutralization of acid mine drainage was already accomplished. He refers to Figures 2-3 and 7- 
5, in the EPA Manual, both of which clearly show a recycle of sludge. The increased volume of 
reactor required and increased sludge handling requirements with a recycle stream of precipitated 
solids is quite different than those in the patent. The manner in which influent (raw wastewater), 
neutralizing agent (i.e., caustic), and oxygen are contacted with additional agitation in a 
relatively small tank is quite different from any process suggested in the EPA Manual. 
Accordingly, the results obtained using a relatively short residence time are not anticipated or 
obvious in light of the EPA Manual or the patents to which it refer. 

Definition of Claim Terms 

Having read the claims of the 800 and 497 patents, the written descriptions and figures, 
the Patent Office files of both patents, and Mr. Dupon's analysis, I disagree with Mr. Dupon's 
claim interpretation on the following points: 

800 Patent Claims 

This Patent disclosed its object and scope in Col. 1, lines 5-22, under Background of the 
invention. In this section, the patent discloses that the invention relates to the treatment of 
"waste water, and in particular to the treatment of water to remove various precipitated or 
suspended metal compounds therefrom." The Background also relates that prior treatment 
techniques have been unsatisfactory because of "the lengthy periods of time which they would 
generally be required to effect treatment." 



Vernon L. Snoeyink and David Jenkins, 1980, Water Chemistrv , John Wylie & Sons, 

Inc. 
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I understand, therefore, that the present invention is intended to remove metal 
contaminants from a waste stream in a shorter residence tune than was experienced prior to May 
25, 1993, the date of application for the patent. 

As an initial matter, Mr. Dupon seems to treat even the clearest of terms in the patents as 
requiring some technical meaning beyond their ordinary meaning, in light of the object and 
scope of the patent. 

For instance, Mr. Dupon contends that the term "removing" (Col. 3, Ln, 57) is imprecise, 
as it does not suggest a reduction of a particular amount. Nothing in the language of the patent's 
claims addresses reduction of metals to a particular amount. Remove by definition means "to 
take away, extract, do away with" ^. In my opinion the general definition of "remove" is 
consistent with the object and claims of the patent, /.e., the removal of metals from a waste 
stream, and no technical interpretation is required for the term "remove", nor would one skilled 
in the art impose the meaning Mr, Dupon does upon that term. Indeed to define the term as Mr. 
Dupon does, is to impress the invention with a character that does not read consistently with the 
object and scope of the patented invention. 

Mr. Dupon's analysis of the meaning of "metal compounds" and "selected from iron, 
manganese, aluminum, zinc, copper, lead, arsenic, and chromium" (Col. 5, Ln. 57, & Col. 3, Lns. 
58-59) is incorrect. In my opinion, one skilled in the art would read "metal compounds" to refer 
to metal oxyhydroxides existing either in solution or as precipitates. 

Significant concentrations of chromium and/or manganese may be present in these 
wastewaters. Chromium exists in aqueous solution primarily as the trivalent Cr"*"*^ when Fe"*"^ is 
present since it serves as a reducing agent for Cr(VI). With the addition of oxygen, Cr*^^ remains 
in the trivalent form and upon neutralization precipitates out as the hydroxide precipitate, 
Cr(0H)3 (s). While it is not necessary to aerate the solution for Cr'*'^ or other non-reactive 
species, such as Ar^, the aeration will not hinder the removal in light of the evidence that 
Fe(0H)3 is demonstrated to be removed with the application of aeration. Copper may have some 
redox behavior and aeration may be required for its removal. Prior to actually removing copper 
from a waste stream with the method and apparatus of the 800 patent, however, one skilled in the 
art would not be able to predict with confidence that the invention would remove copper. 

* ' Mr. Dupon's reads claim 1 (a) "adjusting the pH of the waste water to from about 5 to 

about 12" (Col. 3, Lns. 61-62) to mean that the pH of the waste water must start out outside the 
range of from about 5 to about 12. Mr. Dupon also states that the term "about" is imprecise and 
would not enable one skilled in the art to determine which pH to use. Notably, on page 5 and 6 
of his report, Mr. Dupon, in describing basic Mine Wastewater Chemistry uses the same 
expression. He states "Below a pH of about 4 to 5" and "very slowly unless the pH exceeds 
about y . It would seem to me that Mr. Dupon, who claims to be one skilled in the art, 
understands his use of "about" and should also understand the claims' use of "about". One 



^ American Heritage Dictionarv (2"** Ed.) 1988, pg J83 
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skilled in the art would understand that an increase of 1 pH unit represents an exponential (10 
times) increase in concentration. 

I do not believe that a person skilled in the art would impose the meaning Mr. Dupon has 
that the pH of the water must start out outside the range of 5 to 12. An adjustment can occur 
from 6 to 7 or 3 to 12 and still be understood to mean an adjustment from about 5 to about 12. I 
would think one skilled in the art would understand that to accomplish the initial precipitation of 
the metals from the waste stream, a target pH of from about 5 to about 12 would be selected, 
depending upon the metal of concern. Because of the wide variability of different wastes, the 
best operating pH must be selected by experimentation. This is clear to anyone in this field that 
every metal has its own pH of minimum solubility and in complex wastes there are often 
impredictable interactions. 

With regard to the 800 Patent I would not agree with Mr. Dupon that the phrase "Aerated 
in said reaction tank to provide a dissolved oxygen concentration from about 0.01 Ibs/hr to about 
70 Ibs/hr" is ambiguous. Mr. Dupon failed to read the entire claim, which shows the flow rate in 
conjunction with the rate of aeration. Accordingly, the phrase relates to the rate of aeration. 
The example set forth in the patent that provides for a "dissolved oxygen concentration of 3 
lbs/HP hr." with a corresponding flow rate is clearly consistent with the claim language. (Col. 3, 
Lns 31-32). Therefore, one skilled in the art would conclude that the range relates to the rate of 
aeration, that will supply the needed oxygen concentration to effect an appropriate reaction based 
upon the influent flow rate. 

One skilled in the art, therefore, could easily calculate the equivalent oxygen 
concentration based upon the rate of aeration by using the following formula: 

Equivalent Oxygen Concentration = rate x power/influent flow rate 

Or, for a given rate of 31b/HP-hr and using a 7.5 HP aerator motor and influent flow rate of 450 
gal/min. tiie equivalent oxygen concentration is 99.8 mg/1. 

Indeed Mr. Dupon in paragraph 32 of his report recognizes, as much when he concludes 
that support is found within the patent to conclude tiiat the rate of aeration is what is intended to 
be disclosed and not the oxygen concentration. Accordingly, one skilled in the art would 
conclude that the rate of aeration "from between 0.01 Ibs/hr to about 701bs/hr" would provide the 
appropriate oxygen concentration to effect the reaction desired. 

I agree with Mr. Dupon that "Floccule" is not a standard term of art used in this industry. 
The term, however, is defmed as "a soft mass of matter resembling a soft tuft of wool" according 
to Webster's New World Dictionary, College Edition. So defined, the meaning is consistent 
with the object of the patent which seeks to solidify the metal wastes into a sludge for handling 
and disposal. Metal Hydroxide sludges are "soft masses of matter". 
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With regard to polymer dilution concentrations, past practice and subsequent adjustment 
for specific wastes based upon experimentation determine the dilution used. To one skilled in 
the art, experimentation with polymers would be expected. 

In short, in my opinion, I think one skilled in the art would interpret the above terais 
consistently with the object of the patent, that is, to remove metal compounds from waste 
streams using a lower retention time as compared with the prior ait 

497 Claims 

In paragraph 49 of his report, Mr. Dupon contends that '^treatment" as used in 
the claim is ambiguous. One skilled in the art would understand treatment as used in the patent 
to refer to the "treatment" of water to effect the desired result, namely, "for the purpose of 
precipitating metals and neutralization of acid found in waters such as that which results from 
mine drainage." (Col. 1 &2, Lns. 68; 1-2). Mr. Dupon's contention that the term would be 
ambiguous to one skilled in the art is simply not true. One skilled in the art would understand 
"treatment" in the context of the patent to refer to the object of the invention as disclosed. 

One skilled in the art would understand the language, "Automated metering and control 
means", in the context of this patent using its xmique design, to mean control the pH in the entire 
reactor. This is effected using adequate agitation and a pH probe and a metering pump in the 
control loop, which one skilled in the art would understand implicitly. 

"Introducing a source of acidic or metal bearing water into a treatment unit" means 
feeding the raw wastewater (influent) into the reactor. 

I have examined drawings of the several attempted modifications of the 497 patent by the 
defendants. In my opinion, if any of these show an apparatus which is outside of the literal scope 
of the 497 patent, they still perform substantially the same function, in substantially the same 
way, to achieve substantially the same results as the elements recited in the claims of the 497 
patent. 

Invalidity Issues 

The patents are not indefinite in light of their claims. For instance, the patent is self 
evident as to the meaning of remove. Mr. Dupon's reads claim 1(a) "adjusting the pH of the 
waste water to from about 5 to about 12" (Col. 3, Lns. 61-62) to mean that the pH of the waste 
water must start out outside the range of from about 5 to about 12. Mr. Dupon also states that the 
terra "about" is imprecise and would not enable one skilled in the art to determine which pH to 
use. Notably, on page 5 and 6 of his report, Mr. Dupon, in describing basic Mine Wastewater 
Chemistry uses the same expression. He states "Below a pH of about 4 to 5" and "very slowly 
unless the pH exceeds about 6 ". This same concept applies to most of these parameters given 
the wide differences in wastes and even variability within a single waste stream. It is clear, 
therefore, to one skilled in the art that this process dealing with various metals has to have a 
range of pH values and it does. 
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Enablement 800 Patent 

It is my opinion that one skilled in the art is able to design, construct, and operate a 
treatment system based on the claims, drawings, and specifications set forth in this patent. 

Enablement 497 Patent 

The description of the contacting of raw wastewater (influent), neutralizing agent (i.e., 
caustic), and air; the agitation; and the uniform pH control throughout the reactor results in the 
neutralization, oxidation, and precipitation of floes in shorter than previously used residence 
times, results in a high quality floe. This compact, relatively small reactor achieves the stated 
goals of the Patent. It is my opinion that one skilled in the art is able to design, construct, and 
operate a treatment system based on the claims, drawings, and specifications set forth in this 
patent. 

Anticipation and Obviousness - EPA Manual 

The chemistry associated with removal of metal compounds from acid mine drainage is 
standard. The process, techniques and configuration of the 497 reactor and process variables, 
viz, residence times and oxygen mass transfer rates, as further articulated in the 800 patent, 
however, are unexpected and surprising in light of the prior art identified by Mr. Dupon. The 
process configuration results in virtual instantaneous uniform pH vsdthin the reactor producing 
floes for which the resulting dewatering is much simpler, faster and more cost effective. 

Mr. Dupon, on page 38 of his report, states that the configuration of the 497 reactor is 
"probably not capable of increasing the oxidation rate without use of oxidants other than air. As 
explained above, and in the EPA Manual, oxidation by aeration is typically more complete when 
it does not occur at roughly the same point as addition of pH adjustment chemical, since the 
oxygen added is intended to replace oxygen depleted by the oxidation of metals." 

While this statement is true, generally, it is not true in light of what is claimed in both 
patents, and the results achieved by the process and apparatus disclosed by the patents. 

Specifically, the 497 reactor's claim 1 of the patent calls for the introduction of a 
neutralizing agent, aeration, and agitation all positioned generally adjacent to each other. Claim 
1 of the 497 patent states: 

1. A water treatment apparatus comprising, 
a reaction vessel, 

a source of acidic or metal-bearing water, 
influent pipe means operatively cormected to said reac- 
tion vessel for delivering said water to be treated from 
said water source to said reaction vessel, 

aerator means having a shaft extending therefrom into 
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said reaction vessel said shaft having a discharge end 
for discharging oxidant, 

said aerator means having agitation means, 

said influent pipe means disposed generally adjacent to 
the discharge end of said aerator shaft, 
a neutralizing agent feed line means leading from neu- 
tralizing supply means into said reaction vessel for de- 
livering neutralizing agent, 

said neutralization feed line means operatively associat- 
ed v^th said aerator shaft such that a discharge end of 

said neutralizing agent feed line is positioned general- 
ly adjacent to said agitation means, 
pump means operatively associated with said reaction 
vessel, 

power source means operatively associated with said re- 
action vessel for energizing said apparatus, 

effluent discharge pipe means operatively connected to 
said reaction vessel for discharging the water, and 

automated metering and control means for delivering 
said neutralizing agent into said reaction vessel 

through said neutralizing agent feed line means and ox- 
idant from said aerator means at substantially the same 
time, whereby said oxidant impinging upon the water 
entering said reaction vessel will aerate said water and 
establish mixing therein so as to enhance efficiency of 
distribution of said neutralizing agent in said water to 
reduce reaction time and enhance efficiency of said re- 
action. 

Mr. Dupon acknowledges that the prior art identified in the EPA Manual suggest the 
opposite of what in fact the 497 and 800 patents disclose. Indeed, the EPA Manual and Mr. 
Dupon suggest that oxidation not be combined "generally adjacent to" or "simultaneously with" 
the introduction of a neutralizing agent. 

The effectiveness of the 497 reactor is demonstrated by the pilot scale and operational 
data and a typical example follows: 

Oxygen Transfer Rate Required = 7.14x10'^ [Fe''^]Q/P (Eqn, 1 2 EPA Manual) 

where, [Fe"^^] = ferrous iron concentration in the influent (mg/L or ppm) 
Q = influent flow rate (gpm) 
P = aerator horsepower rating (hp) 
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Given an example for the actual process described in the 497 Patent (see attached data): 
[Fe^^] = 390 ppm 
Q = 450 gpm 
P = 7.5 hp 

or, then: Oxygen Transfer Rate Required = 1.67 Ib/hp-hr (ignoring Mn as a minor component). 

This rate of oxygen transfer is well within the rate specified by the manufacturer for 
design purposes (2.5 to 3.6 Ib/hp-hr, see attached specifications - Aeration Industries 
International, Inc., Chaska, MN), and, using the rate specified by the manufacturer, one would 
expect to be able to treat a maximum ferrous iron concentration of 840 mg/L for each 7.5 hp 
aerator used in a properly designed and operated system. 

Mr. Dupon recognizes that the aerator rating is the appropriate interpretation of the claim 
language in the 800 patent providing oxygen concentration rates. 

Claim 1 states: 

What is claimed is: 

1 . A method for removing metal compounds selected 
from iron, manganese, aluminum, zinc, copper, lead, ar- 
senic and chromium from waste water comprising the 
steps of: 

(a) adjusting the pH of the waste water to from about 5 to 
about 12; 

(b) aerating the waste water; 

(c) agitating the waste water, where steps (a), (b) and (c) are 
carried out simultaneously in a reaction tank and waste 
water is aerated in said reaction tank to provide a dis- 
solved oxygen concentration at from about 0.01 Ib./hr. 

to about 70 Ibs./hr. at a waste water input flow rate of 
from about 50 gal./min. to about 500 gal./min. for a met- 
als concentration of from about 50 mg./l. to about 1,000 
mg./L 

Again, the results obtained support the reduced residence time provided by the compact 
and efficient design of the reactor, which sets the 497 patent apart from the prior art, identified. 

Accordingly, the 497 reactor causes an instantaneous reaction and oxidation that greatly 
reduces the residence time required for the precipitation of metals from a waste stream. 

Mr. Dupon points out that the EPA MANUAL discloses that ''Neutralization, mixing, and 
aeration take place in the same process unit (figs. 2-3, 7-5)". However, the figures referred to 
clearly show the recycle of solids back to the neutralization/oxidation reactor (also, see original 



Louis M. Tarasi, Jr. - Page 9 - June 22, 2000 



Patent #3,738,932). The 497 Patent shows no recycle of solids. It would not be obvious to one 
skilled in the art that the system described in the 497 Patent would work without the solids 
recycle in a single reactor. In addition, the patent referred to in the EPA MANUAL (US Patent 
#3,738,932) shows two reactors, not just one, in the process. More importantly, the method 
employed by the 497 reactor, namely the intimate contacting of reactants, is not disclosed at all 
by the EPA Manual. In my opinion therefore, this prior art neither anticipates nor would make 
obvious the elements claimed the 497 or 800 patents. 

Referring to Mr. Dupon's report, Par. 101-104, and commenting in the same order as his 
claim chart comparing the Patent and the EPA Manual: 

1. The chemistry is the same. Looking at the information in Chapter 1 of the EPA 
Manual in Chap. 1, Fig. 1-1, it appears that the Mn'*'^ and Al^^ would not precipitate 
imtil the pH is above 9 or 10 respectively. Yet, these species are removed at pHs of 
about 8.5 in the patented reactor. 

a. See also Claim 1 8, in which the pH range of 6-9 is identified. 

b. The patented reactor has more effective oxygen transfer as evidenced by its 
performance. The aeration technique is not specified on pg 7 of the EPA 
Manual. 

c. It is clear that the sludge is recycled (Figs. 2-3 and 7-5). As discussed earlier, 
this further increases the reactor size, requires recycling precipitated sludge, 
and moves the reactor out of the "portable" category. Pg. 59 of the EPA 
Manual deals only with the mixing in individual steps. It is apparent, as Mr. 
Dupon surmised, that the dissolved oxygen concentration was in fact the 
oxygen utilization rate. 

d. These steps are taken out of context of the entire process, as the patent deals 
with the quality floes generated in this unique reactor system and is dependent 
on both. It must again be emphasized that this process must be tailored to 
specific wastes thereby proving a flexible basis for treating wastes of different 
characteristics. 

e. See Claims Id, 3,7,1 1, 16, 17, and 20. Again, the process is the sum of the 
parts and the fact that individual steps are practiced; they are not practiced in 
conjxmction with this unique reaction system in these sequences. 

2. The EPA Manual (Pg. 135) discusses a filter press. This is a bulky, heavy, labor 
intensive, batch operation. Use of a filter press would totally defeat many of the 
objectives of the 497 Patent. 

3. This is taken out of context of the overall process. Again, the operation of the 
individual parts is not the same as the unique and effective operation of this entire 
reaction - dewatering system. 

4. Same as 2. 

5. Taken out of context of the entire reactor-dewatering system. 

6. Same as 5. 

7. Same as 5. 
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8. Same as 2 

9. Same as 2. 

10. Same as 2. 

11. Same as 2. 

12. Same as 3. 

13. Same as 2 

14. Same as 2. 

15. Same as 2. 

16. Same as 2. 

17. Same as 3. 

18. See claim 18 of the 800 Patent. This is consistent with typical EPA discharge 
requirements and as such represents the best operating range since this would 
eliminate subsequent pH adjustment. 

19. Indeed, the neutralizing agents being used are the state of the art. The chemistry 
doesn't change. This still doesn't address the unique character of the reactor. 

20. It is stated in the Patent (800) that possibly anionic or cationic polymers may be used. 
Any one skilled in the art recognizes that specific polymers for specific wastes are 
determined empirically through testing. 

21. Same as 20. 

22. Same as 20. 

23. This concentration range is determined by experience and testing. 

24. Same as 3. 

25. Same as 3. 

In reference to Mr. Dupon's paragraphs 105 and 106, the individuals units, a reactor, and 
aerator, or clarifier, can be built based on the EPA Manual. Yet the synthesis of this overall 
process with its unique reactor of demonstrated performance could not have been established 
solely based on the EPA Manual. U.S. Patent 4,834,878 is not the same as the 800 Patent. The 
800 Patent delineates dewatering techniques covering a wide range of conditions suitable for the 
specific wastes considered. Remarkably, this process operates continuously with the production 
of quality sludge that can be disposed directly. The equipment is compact and can handle large 
volumes of water, and remove metals from the water quickly and effectively. This method did 
not exist before the patent application was filed. 

Referring to Mr. Dupon's paragraph 107, and commenting in the same order as the claim 
chart comparing the Patent and the EPA Manual: 

3. a. Mr. Dupon's statement that "AMD is a dilute solution of sulfuric acid" is 
incomplete and most misleading. The statement needs to be completed (as 
stated in the EPA Manual) . .and iron sulfate with iron in the ferrous 
and/or ferric form." Even this is incomplete but not misleading. 

b. Fig 7-5 in the EPA Manual is quite different with sludge recycling. 

c. A submerged tiurbine aerator is different than the aerator used in the 497 
and 800 Patents. 
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d. Same as c. 

e. It is apparent that any AMD process would have associated piping and 
pumps for the transfer of liquids and appropriate solids handling 
equipment. 

f Same as e. 

g. Same as e. 

h. Same as e. 

i. Same as e. 

j. The aerator used in the Patent is different. The EPA Manual indicates a 
surface aerator. 

k. The agitator is different than any of the four types discussed in the EPA 

Manual. Again, the overall design concept and method are quite different. 
1. The integrated design utilizes a number of individual type units, 
m. Same as e. 
n. Same as j. 

4. Same as 3k. 

5. Same as 3b. 

6. Same as 3a. 

7. Again, the synthesis of this process described in the Patent is unique. In my 
opinion one skilled in the art would not think to combine the individual parts, in 
this uniquely configured method and system. This system achieves the goals of 
the Patent. 

8. Same as 7. 

9. The EPA Manual deals only with sodium hydroxide as a chemical, its properties, 
and does not address its use in the specific manner in which it is used in the 
patented processes (497 and 800). 

Regarding Par. 108, the Patent description speaks for itself 

Regarding Pars. 109 and 1 10, the combination of the small tank, its low residence time of 
wastewater, and effective removal under controlled conditions, were not obvious at the time of 
the invention. This is evidenced by the successful achievement of the goals as se forth in Patent 
497 and 800. Accordingly, I conclude that the patents 497 and 800 represent the unique 
synthesis, design, and execution of a process that more effectively treats AMD and similar type 
wastewater than the prior art. 

Anticipation and Obviousness - Other references 

Having reviewed the other prior art referenced in Mr. Dupon's report, attached as 
Attachment B to his report, none of that prior art individually anticipates, that is identifies the 
synthesis of all the elements identified in the 497 or 800 patents alone. Nor does any of the prior 
art render the claimed inventions methods and apparatus obvious, that is a person of ordinary 
skill in the art after reviev^ng such prior art would conclude that the invention was obvious. The 
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primary reason for the opinion is that the inventions claimed in the 497 and 800 patents obtain a 
significAntly reduced retention tijne for the neutralized waste stream and the heightened de- 
watering ability that is made possible by such instantaneous reaction. Additionally, the prior art 
does not anticipate or make obvious the compact and portable aspects of the invention, nor does 
the prior art anticipate or make obvious the cost effective treatment method disclosed by the 
patents. 

Condusion 

Having reviewed all the material supplied with Mr. IHipon's report^ as wdl as his report, 
operational data, the patents, and prosecution histories of both patents, 1 conclude that one skilled 
in the art would be able to construct and operate the inventions set forth in the patents to obtain 
their stated goals. I further conclude that none of the information supplied, alone or combined, 
would suggest to one skilled in the art that the elements combined in either patent would produce 
the reduced residence times and quick and effective removal of metals and dewatering of sludges 
in the compact apparatus described. Prior to April 1987, nothing in the industry, as disclosed by 
the literature, achieved the reduced residence times and compact design achieved by the 497 
reactor design and method. Prior to December 1994, nothing in the industry, as disclosed by the 
literature^ produced the reduced residence times, and quick and eflFective removal of metals and 
dewatering of sludges as achieved by the 800 patent's designs and methods. 



Sincerely, 



rol|nA.Roth,Ph.D..P.E. 



U.S. Department of Justice 



Te 1 ephone : (202) 307-0333 
Telefax: (202) 307-0345 



Ikishington. DC 2O530 
July 7, 2000 



VIA FEDERAL EXPRESS 

C. William Kenny, Esq. 
The Tarasi Law Firm, P.C. 
510 Third Avenue 
Pittsburgh, PA 15219-2191 



Re: Chemical Separation Technology, Inc., et al . v. 
United States, Court of Federal Cl aims No 97-21C 



Dear Mr. Kenny: 

I have enclosed our supplemental expert disclosure, as well as 
prior art, all Bates numbered D026313-331. 



Very truly yours. 




Cameron Elliot 
Attorney 
Commercial Litigation Branch 
Civil Division 
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IN THE UNITED STATES COXJRT OF FEDERAL CLAIMS 



CHEMICAL SEPARATION TECHNOLOGY, 
INC., and SANFORD M. STEVENSON, 

Plaintiffs, 



THE UNITED STATES, 

Defendant . 



No. 97-21C 

Judge Francis M. Allegra 



SUPPLEMENTAL DECLARATION OF DANIEL DUPON 

Daniel Dupon, of Fort Collins, Colorado, declares under 
penalty of perjury that the following is true and correct: 

1. With regard to mine wastewater chemistry, although I 
agree that the hydrolysis of dissolved mietals in solution is an 
essential element to consider in treating acid mine drainage, as 
I mention in paragraph 49 of my Declaration, my discussion in 
paragraph 7 was intended only to show the relevance of pH to the 
acidity or alkalinity of a solution. The statements were not 
intended to describe how to calculate or measure the quantity of 
acidity in a solution, but to indicate the correlation of low pH 
values to acidic solutions and high pH values to alkaline 
solutions. Discharge pH is an important parameter in itself 
because high H^ and OH' concentrations (corresponding to low and 
high pH, respectively) have both direct and indirect toxic 
affects and are therefore regulated independently of acidity. 
The equation on page 2 of the plaintiffs' report is a 
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modification of the acidity equation applicable to carbonate 
solutions found on page 184 of Water Chemistry , by Snoeyink and 
Jenkins • The additional metal term represents acidity generated 
from hydrolysis of dissolved metals in solution. The equation in 
the plaintiffs' report should include brackets around the metals 
term, as with the first four terms on the right side of the 
equation, to indicate molar concentration; thus: Acidity = 
2[H2C03] + [HC03'] + [H*] - [0H-] + Zn[Me^^]. When calculating 
acidity for a given AMD solution, the most accurate method is to 
use the valence state (represented by "n") of the metal that will 
precipitate (i-e., Fe'^'^) , not the state of the untreated metal in 
solution (i.e., Fe^^) , particularly in a treatment scheme that 
utilizes metal oxidation. The symbol "Z" indicates that the last 
term is actually the sum of the individual metal concentrations 
multiplied by their post-precipitation valence states. 

2. I disagree that the term ''metal compounds" in the '800 
patent should be read to refer only to metal oxyhydroxides . Lead 
carbonate, for example, can be precipitated when a carbonate- 
based reagent (such as calcium carbonate) is used as the 
neutralizing chemical, as described in U.S. Patent No. 4,652,381 
("Inglis") , and forms a less hydrous solid than lead hydroxide 
(i.e., a higher quality floe). Also, the solubilities of metal 
carbonates are sometimes lower than the solubilities of metal 
hydroxides, depending on the process pH, which dictates their 
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solubility and subsequent precipitation. Although the Example in 
the '800 patent alludes to the generation of a metal hydroxide 
sludge, not all metals listed in claim 1 are removable as oxides 
or hydroxides without invoking treatment techniques beyond the 
steps described, as I explain in paragraph 23 of my Declaration. 

3. I agree that trivalent chromium precipitates upon 
neutralization, that it can be chemically reduced in the presence 
of ferrous iron, and that it oxidizes relatively slowly in the 
presence of atmospheric oxygen. Thomas J. Sorg, "Treatment 
Technology to Meet the Interim Primary Drinking Water Regulations 
for Organics: Part 4," Water Technology/Quality Journal AWWA 454, 
455 (August 1979) (D026275). Hexavalent chromium is often of 
greater concern for water quality because trivalent chromium is 
so insoluble it is normally found at dissolved concentrations 
close to EPA drinking water limits. Since claim 1 of the '800 
patent recites chromium as a removable metal, without 
distinguishing between trivalent and hexavalent forms, it should 
be capable of removing either form even if present alone in 
solution. One of the best demonstrated removal methods for 
hexavalent chromium is chemical reduction to trivalent chromium, 
followed by coprecipitation or precipitation of the trivalent 
chromium. Francoise C. Richard and Alain C. M. Bourg, "Aqueous 
Geochemistry of Chromium: A Review," 25 Water Research 807, 810 
(1991) (D026267); J. M. Philipot, F. Chaffange, and J. Sibony, 
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"Hexavalent Chromium Removal from Drinking Water," 17 Water 
Science Technology 1121, 1124-1129 (1984) (D026290-95) ; Sorg, p, 
460 {D026280) . Such a procedure is not described or even 
contemplated by the '800 patent, and my conclusion that the '800 
patent is not enabled and fails the written description and best 
mode requirements is based in part on this omission. 

4. Although copper has two oxidation states, and is 
therefore capable of redox behavior, oxidation is generally not 
required for its removal because copper in the lower oxidation 
state is unlikely to be found in AMD solutions where the pH is 
less than 5. As a result, one skilled in the art of water 
treatment would recognize that merely adjusting wastewater pH is 
normally all that is necessary to precipitate copper, even in the 
absence of coagulants/coprecipitants such as iron. An example of 
such a procedure is described in the Inglis patent, col. 7, 11. 
47-56, where copper, zinc, and lead are precipitated using 
carbonate without aeration at a pH between 8.0 and 9.0. 

5. I disagree that the term "about" in reference to a pH of 
"about 5 to about 12" is sufficiently precise to discern the 
scope of claim 1 of the ^800 patent. First, although the 
selection of a lower pH limit of about 5 could be based on 
oxidation and precipitation of iron, or simply precipitation of 
aluminum, nothing in the patent says that this is the basis. 
Second, if the advantage of the claimed invention over the state 
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of the art is its rapid reaction rate, a pH limit of about 5 is 
not optimal, since ferrous iron oxidizes and precipitates more 
rapidly at pH 6 and higher. Furthermore, as the plaintiffs point 
out on page 4 of their report, a difference of 1 pH unit 
represents an "exponential" (10-fold) difference in 
concentration, and a change of 0.3 units represents a two-fold 
difference, both of which can have significant implications when 
optimizing iron oxidation rates, particularly in water treatment 
processes that have limited detention times. Therefore, because 
the basis for a pH range of "about 5 to about 12" is unknown, my 
opinion remains that one skilled in the art would not be able to 
tell whether a particular pH is "about 5" or "about 12." 

6. I agree that the expression "provide a dissolved oxygen 
concentration at from about 0.001 lb,/hr. to about 70 lbs . /hr" 
could also be interpreted as "oxygen utilization rate," assuming 
that "oxygen utilization rate" means the actual addition rate of 
dissolved oxygen that is required in the oxidation reaction, 
since one skilled in the art would know that the aerator should 
be operated so as to match the "oxygen utilization rate" to the 
aerator output. Plaintiffs' Report, p. 9. However, such an 
interpretation makes claim 1 of the ^800 patent even more 
indefinite, because, for example, assuming the maximum listed 
flow rate and metals concentration (for manganese alone in 
solution) , the "oxygen utilization rate" may exceed 70 pounds per 
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hour. Using the same assumptions applied for other chemically- 
reduced metals, and further assuming that dissolved oxygen 
efficiently oxidizes trivalent chromium, the "oxygen utilization 
rate" would exceed 100 pounds per hour. The plaintiffs also state 
that ''the aerator rating is the appropriate interpretation." 
Aerator rating refers to the aerator's capacity to impart oxygen 
as a function of input power for a specific test vessel 
configuration, often measured in pounds of oxygen per horsepower 
per hour, a parameter that is not necessarily the same as the 
''oxygen utilization rate", the oxygen addition rate, or the 
dissolved oxygen concentration. I cannot clearly determine the 
relevance of "Equivalent Oxygen Concentration," as defined in the 
plaintiffs' report. It has little chemical or engineering 
significance, because it does not take into account the aerator 
transfer efficiency and because the oxygen concentration of 99.8 
mg/L calculated in the example cannot be achieved under typical 
operating conditions. This is exactly why the aerator 
configuration shown in the preferred, embodiment of the '4 97 
patent is unlikely to be effective for oxidizing metals that are 
present at high concentrations, since the described aerator 
configuration will contact the influent water for such a short 
period that the claimed invention theoretically must rely on 
achieving an unrealistically high dissolved oxygen concentration 
at the point of application. 
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7. I disagree that the "automated metering and control 
means" in claim 1 of the M97 patent is limited to an agitator, a 
pH probe, and a metering pump. The agitator shown is not 
controlled by the metering and control means. More to the point, 
no structure is shown for delivering "oxidant from said aerator 
means at substantially the same time" as the neutralizing agent, 

I list some mechanisms for regulating oxidant delivery in my 
Declaration, all of which operate in different ways but none of 
which are shown in the patent. 

8. "Introducing a source of acidic or metal bearing water 
into a treatment unit" may be achieved by gravity flow or 
pumping, and both techniques feed raw wastewater into the 
reactor. However, pumping requires external power for the pump 
and provides a driving pressure for conveyance of water while 
gravity flow relies only on gravitational forces and may be 
employed in an open channel. In my opinion, these two techniques 
do not perform the function of introducing water in substantially 
the same way. 

9. I disagree that the EPA Manual suggests that oxidation 
not be combined generally adjacent to, simultaneously with, or in 
the same area of the treatment unit as, neutralization agent 
addition. Page 48 of the EPA Manual discusses some factors to 
consider in selecting the oxidation method, including operating 
pH, detention time, and ferrous iron concentration, and even 
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suggests that in some cases oxidation should precede 
neutralization. Figures 2-2 and 7-5 of the EPA Manual show 
alternate configurations, one with aeration and neutralization 
occurring in the same treatment unit and one without. In 
addition, figure 7-5 also shows the recycling of sludge, which 
has two purposes. First, it promotes creation of denser 
precipitates, which makes disposal easier. Second, it allows for 
more cost-effective use of neutralizing agent, since the sludge 
may have alkaline properties. Both the EPA Manual and U.S. 
Patent No. 3,738,932 show mixing of recycled sludge with lime in 
a chemical preparation reactor, followed by addition of the 
mixture to the AMD-aeration-neutralization reactor. The mixture 
(instead of the lime alone) thus acts as the neutralizing agent, 
allowing for a lower rate of lime consumption that depends on the 
mode of operation. 

10. I agree that acid mine drainage contains solutes other 
than sulfuric acid, including dissolved metals which increase 
acidity, but the presence of dissolved sulfuric acid alone is 
sufficient to categorize AMD as ^^acidic" as the term appears to 
be used in the M97 patent. As I discuss above and in paragraph 
49 of my Declaration, however, the term "acidic" is used 
ambiguously in the patent; broadly, it could mean "having a low 
pH," "containing dissolved metals that produce acidity upon 
hydrolysis," or both at the same time. 
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11. Whether a submerged turbine aerator is different from 
the aerator used in the M97 patent depends on how the patent's 
claims are understood. The EPA Manual (p. 77) describes a 
submerged turbine aerator as having an air sparger (or diffuser) 
near the bottom of the treatment unit and one or more turbine 
impellers above it. Since a turbine impeller normally is powered 
by a shaft, as shown in figure 5-2 (p. 76), a submerged turbine 
aerator has a diffuser, a shaft, and an agitator/impeller, just 
as the M97 patent's aerator does. It is true that a submerged 
turbine aerator may not have the air diffuser mounted on the 
shaft; a typical submerged turbine aerator is shown in unit 16 of 
U.S. Patent No. 5,013,453, part of the PTO file for the '800 
patent. Nonetheless, if the M97 patent's aerator means is not 
interpreted to be limited to the specific aerator shown in figure 
3, it is my opinion that the aerator claimed in claims 1 and 3 is 
described in the EPA Manual. 

12. Except for claims 1, 2, and 9 of the M97 patent, no 
claim of either patent references reduced detention time, an 
instantaneous reaction, or cost effectiveness of treatment, and 
claims 1 and 2 only speak ambiguously of "efficiency." Nor does 
any claim require that the inventions be compact and portable. I 
therefore conclude that these features are irrelevant to the 
claimed inventions . 
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13. It is still my opinion that other prior art references 
either anticipate the claims of the '800 and M97 patents or 
would have made them obvious, although (as with the EPA Manual) 
this depends on how the claim language is understood. As shown 



in the claim chart below, whether the Inglis patent anticipates 
any claims of the '800 patent depends on the interpretation of 



the claim language: 


A method for removing 
metal compounds selected from 
iron, manganese, aluminum, 
zinc, copper, lead, arsenic and 
chromium from waste water 
comprising the steps of: 


Iron is removed (col. 3, 
11. 52-53). Lead, copper, and 
zinc are removed (col. 3, 1. 
47) . 


(a) adjusting the pH of 
the waste water to from about 5 
to about 12; 


"pH of the waste water 
contained in the treatment tank 
28 [is] maintained at a pH of 
from about 4.8 to 5." Col. 6, 
11. 39-41, 


(b) aerating the waste 
waters- 


"Air is sparged 
continuously into the interior 
of treatment tank 28" Col. 6, 
11. 11-12. 
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(c) agitating the waste 
water, where steps (a) , (b) , 
and (c) are carried out 
simultaneously in a reaction 
tank and waste water is aerated 
in said reaction tank to 
provide a dissolved oxygen 
concentration at from about 
0.01 Ib./hr. to about 70 
Ibs./hr. at a waste water input 
flow rate of from about 50 
gal./min. to about 500 
gal./min. for a metals 
concentration of from about 50 
mg/1. to about 1,000 mg/1. 


"Air is sparged 
continuously into the interior 
of treatment tank 28 through 
line 38 to effect some mixing 
of the liquid" Col. 6, 11. 11- 
13. 

''pH of the waste water 
contained in the treatment tank 
28 [is] maintained at a pH of 
from about 4.8 to 5." Col. 6, 
11. 39-41. 

"the present method treats 

I, 200 gallons a day" Col. 3, 

II. 64-65. 

"Total lead in the waste 
water can run as high as 500 
ppm." Col. 5, 11. 40-41. 

"Iron is normally present 
at levels about 50 ppm while 
copper can be as high as 10 
ppm." Col. 5, 11. 43-44. 


(d) then adding a 
flocculating agent polymer 
selected from a group 
consisting of cationic and 
anionic polymers to the water 
and allowing floccules 
including said metal compounds 
to form; and 


"an anionic 
polyelectrolyte f locculant 
contained in tank 92 is pumped 
via line 94 into the final 
treatment tank 50." Col. 7, 
11. 58-60. 


(e) then separating said 
floccules including said metal 
compounds from the water. 


"the contents of final 
treatment tank 50 are allowed 
to settle" Col. 1, 11. 64-65. 



14. The dissolved oxygen concentration is not given, but 
one skilled in the art would know how to determine the dissolved 
oxygen addition rate (assuming that is to what "dissolved oxygen 
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concentration" refers in claim 1 of the '800 patent) needed to 
oxidize the iron in Inglis. This rate falls below the lower 
limit of "about 0.01" pounds per hour, as do the initial pH and 
the flow rate. Alternatively, one skilled in the art would know 
that the required dissolved oxygen would have to be about 7 mg/L 
to achieve complete oxidation of 50 mg/L of iron. One skilled in 
the art of water treatment would also recognize that the purpose 
of adding anionic polyelectrolyte flocculant is to allow 
flocculated particles of precipitated lead, copper, and zinc to 
form. In short, assuming the pH, dissolved oxygen 
concentration/aeration rate, and flow rate of claim 1 of the '800 
patent extend below their lower limits, Inglis anticipates claim 
1, 

15. Assuming these elements do not extend below their lower 
limits, I believe one skilled in the art of water treatment would 
have known on May 25, 1993, by reading Inglis, that iron may be 
oxidized at a pH of 5, that the Inglis system could be operated 
at a higher flow rate of 50-500 gallons per minute, and how to 
calculate the theoretical oxygen demand and corresponding 
concentration for oxidization of 50 mg/L of iron at such a flow 
rate. This teaching is contained in the EPA Manual, pp. .3, 74. 
I therefore conclude that claim 1 of the '800 patent would have 
been obvious to one of ordinary skill in the art of water 
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treatment, on the assumption that the rate and concentration 
ranges do not extend below their lower limits. 

16. Similarly, I conclude that the following claims would 
also have been obvious if they are interpreted in the manner 



indicated above: 



2. claim 1, plus step (f) 
(further dewatering the 
floccules separated in step 
(e) ) 


belt filter 64 


6. claim 2, where step (e) 
separation is conducted by 
means of a clarifier 


treatment tank 50 


15, claim 2, where step 
(e) separation is conducted by 
means of a settling pond 


treatment tank 50 


21. claim 1, wherein the 
polymer is an anionic polymer 
which is used for primary 
clarification purposes 


anionic polyelectrolyte 
flocculant 


22. claim 1, wherein the 
polymer is an anionic polymer 
which is used for settling 
purposes 


anionic polyelectrolyte 
flocculant 



17. Continuous belt filter 64 is sufficiently like a 



conventional belt filter press (as shown in, e.g., Nalco Water 
Handbook , pp. 9.46-9.49) that one skilled in the art would have 
known to use a belt filter press in lieu of a belt filter. 
Moreover, tank 50 is referred to in Inglis as a "final treatment 
tank," which one skilled in the art would know from the EPA 
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Manual is equivalent to both a settling pond and a clarifier, 
depending on site conditions and cost considerations. EPA 
Manual, c. 6, Other claims would also have been obvious in light 
of, for example, U.S. Patent No. 4,834,878 ("Anderson"), which 
describes a rotary thickener in series with a belt filter press, 
with polyelectrolyte addition, for the purpose of sludge 
dewatering. 

18- As with the '800 patent, whether Inglis anticipates the 
claims of the .M97 patent depends on interpretation of the claim 



language : 



3. A method of treating 
acidic water comprising. 


"the water [has] a pH 
below 2" Col, 5, 11. 42-43. 


providing a treatment unit 
comprising aerator means. 


tank 28 and aerator 38 


said .aerator means having 
a shaft extending therefrom 
into said treatment unit 


aerator 38 with shaft 
extending into tank 28 


and said aerator means 
having agitation means. 


"Air is sparged ... to 
effect some mixing of the 
liquid" Col. 6, 11. 11-13 


influent pipe means 
disposed generally adjacent to 
the discharge end of said 
aerator shaft 


pipe 14 in the same tank 
28 as aerator 38 


and neutralizing agent 
feed line means disposed 
generally adjacent to the exit 
of said aerator means. 


pipes 20 and 24 in the 
same tank 28 as aerator 38 
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providing means for 
introducing a source of acidic 
or metal-bearing water into a 
treatment unit , 


"the water [has] a pH 
below 2" Col, 5, 11. 42-43. 

pipes 12 and 14, pump 16 


introducing said water to 
be treated into said treatment 
unit. 


'^Waste water collected in 
sump 10 is pumped to vessel 28 
via line 12" Col. 5, 11. 55-56. 


introducing a neutralizing 
agent into said treatment unit. 


"Calcium carbonate . . . 
is pumped via line 20 into the 
interior of treatment tank 28" 
Col.. 6, 11. 19-21, 


introducing oxidant at 
generally the same point at 
which said neutralizing agent 
is introduced into the water to 
be treated. 


"Air is sparged ... to 
also provide an adequate supply 
of oxidizing agent (in this 
case O2)" Col. 6, 11. 11-14 


agitating said water, 
oxidant, and neutralizing 
agent. 


"the major mixing of 
liquid in treatment tank 28 is 
provided by recirculation of 
liquid through line 32 by pump 
36." Col, 6, 11. 16-18. 


proviaing a means ror 
receiving precipitants from 
said mixture, and 


"Heavy metal carbonates 
. . collected in the bottom of 
final treatment tank 50" Col. 
7, 11. 67-68. 

tank 28 


discharging treated water 
from said treatment unit.' 


discharge pipes 44, 98, 

108 


4. Claim 3, wherein said 
primary oxidant source is air. 


"Air is sparged . , . to 
also provide an adequate supply 
of oxidizing agent (in this 
case O2)" Col. 6, 11. 11-14 


5- Claim 3, wherein the 
neutralizing agent and the 
oxidant are substantially 
simultaneously introduced into 
said water. 


aerator 38 and feed line 
14 terminate in tank 28 
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19. Assuming that the ''agitation means" is not limited to a 
propeller^ that the influent pipe means has no particular 
structure inside the treatment tank, that the "means for 
introducing" is a pump, that "generally the same point" means "in 
the same area of the tank," that either tank 28 or final 
treatment tank 50 count as means for receiving precipitants from 
said mixture, and that "substantially simultaneously" means "in 
the same area of the tank," Inglis anticipates claims 3, 4, and 5 
of the M97 patent. If the agitation means is limited to a 
propeller, then the aerator shown in U.S. Patent No. 4,240,990 
("Inhofer") meets the requirements of both the aerator means and 
the agitation means. Since Inhofer suggests using this aerator 
in "water treatment facilities" (col. 1, 11. 10-11), and because 
the Inglis aerator is very similar (they both possess a shaft and 
produce agitation near their discharge) , one skilled in the art 
would know to replace the Inglis aerator with the Inhofer 
aerator. So interpreted, therefore, I conclude that claims 3, 4, 
and 5. of the M97 patent either are anticipated or would have 
been obvious in light of Inglis and Inhofer. I also conclude 
that, except for the "power source means" and "automated metering 
and control means," all the elements of claim 1 are described in 
Inglis, given this claim interpretation. Since it would have 
been obvious even to one not skilled in the art to incorporate a 
power source into Inglis, and on the assumption that the 
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"automated metering and control means" is simply a pH probe 
connected to a metering pump (which are also found in Inglis) , I 
conclude that claim 1 would have been obvious, also. 



I declare under penalty of perjury that this supplemental 
declaration is true and correct. 



Dated: Zy^Ji^f Poary / ^c^-^-X^ . 

' ( DANIEL DUPOI^ 



T 
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REVIEW AND DOCUMENTATION 
OFTHE 

CST INDUSTRIAL WASTEWATER TREATMENT SYSTEM 



The .nforr.at.on and op.n.ons expressed in this report are based on .nforma.on 
obtained by th« writer from: 

(1) field visits to the Keystone. Conemaugh. and LTV coal refuse site* 

(2) from discussions with Mr. Sandy Stevenson (CST. Inc.) and Mr. John 
Anderson (Thickener Technology. Inc) 

(3) information contained in the technical literature. 

1. INTRODUCTION 

The CST system offers an alternative to lime-based, industrial wastewater treatment 
technology, and has application for treating leachates derived from 

(1) coal refuse piles 

(2) coal stockpiles * 
working and abandoned coal and base-metal mines 
acid-generating mine waste dumps 

other industrial sources which require neutralization. ox,dat.on and 
precipitation 

Th. CST s»«.m ma, also hav. applications wher. a ga* (or 9«*s) » 
?,IZ ,Ton a compooant of th. solution. An ..amp., might b. d«o»ficaf on of 
cyanide-containing solutions. 

Currently, the CST system is used to treat leachates from the LTV and Keystone coal 
refuse landfill sites in Western Pennsylvania. 

The CST system achieves rapid add neutralization and metal precipitation of coal 
ITfu^el^ates by reacting the leachate with sodium hydroxide and a.r^enved 
oxygen in a patented reactor at atmosphenc pressure. 



(3) 
(4) 
(5) 
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A c=mm.-«l aerator, wn.cn ,5 moun«c on -.in. r,aasr, dr.w, a.r «nt,-,>.o.>ly .n:o 
the -eaoon zcr>. .r- the forr" of very fine buboies. The oxysen ox,di«« ferrous .ron 
,„.o ferric .ron wh.ch prec.p.tate, at a .ov..r pH ana ,n a form le« voluminous than 
ferrous ,ron. Although the a.rat.on rate .s fixed, the reactor can accommodate up to 
r//o aerators. 

Ox,d,n„ other than oxygen, such a. hydrogen perox.d.. sodium hypochlorite, 
ojone. permanganate, etc. may b« us«i. 

concentrated sodium hydroxide (solutions up to SO percent N.OH may b. us«l) is 
u«d as rn.uu.nzin, b«.. This strong base completely dissociate, and prov,d« 
"oc percent alkalinity for add neutralization (i.e., all of its hydroxyl ions are ava.labl. 

for neutralization). 

unlike lime-based systems, it is not necessary to recycle 'sludge' to the CST reactor 
to increa« alkali utilization or to promote sludge thickening. Also, unl.ke l.me- 
based systems, gypsum is not predpitated from solution. 

i =,oor>mmable logic controller (PIC) is used to precisely meter sodium hydroxide 
to the r.r«o' ' s.^ neutralization pH. 

;;irimpo«" nt .e,ture mmimizes sodium hydroxide consumption and allows nearly 
complete metal predpitation. 

T„- „.«<.r effluent contains insoluble metal hydroxide and salts, collectively 
i::;: pTe^pi^rxypically. th. effluent contains from 0.S to 1 .5 perc^^^ 

weight, depending upon the amount of metals in the leachate. 

Although the addity and level of dissolved metals in the reactor effluent comply 
w^^ullr, discharge requir.ments. discharge o.th. » 
not permitted withoutfim removing the predpitantsand suspended solids. 

The only exception to this is if the effluent can be disch,rg«l to abandoned 
underground mine workings (such as at the LTV site). 

Therefore the CST system will usually include additional steps or operations vvhich 
Z7Zlo, .rent for solids recovery and di,p«.l. This is also tn.e of lime- 
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based syrvemv Such steps increase the cap.tai and operating cos: of the treatment 
systems. 

Operations wh.ch remove and concentrate the precp.tants mdude various forms of 
gravity sedimentation and filtration devices. 

For example CST utilizes a rotary sludge thickener and a belt filter press at the 
Keystone leachate treatment plant to increase the solids concentration from about 1 
to 25 percent solids by weight. 

Metal hydroxides are difficult to dewater by mechanical methods due to their 
extremely small particle size, large surface-to-weight ratio, and the.r natural affinity 
for holding water. 

To effect solids concentration and recovery, flocculants are used to bind and hold 
the particles together while their mass undergoes dewatering. 

The final step in this process is disposal of the dewatered precipitants. This is done at 
the Keystone and Conemaugh plants by loading the dewatered material into trucks 
for disposal at the refuse landfill. 

2. PROCESS CHEMISTRY 

Acidic leachates are produced when pyrite-containing coal seams, coal refuse from 
preparation plants, or base-metal ores or wastes react with oxygen and water to 
produce sulfuric acid and ferrous sulfate. The exact reaction scheme depends upon 
pH and whether thiobacillus ferrooxidan bacteria are present, in general, the 
production of acid and ferrous iron is given by equation 1 : 



2 FeSj + 7 Oj * 2 HjO - 2 H ^SO, * 2 FeSO^ 



(1) 



The methods for treating the products of this reaction are neutralization, oxidation, 
and precipitation. 
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2.1 Neutraliiation 

Sod.um hydro.,de n,u«..rat,on process a^o.cir, « e,u3t,on 2: 

H.SO, • 2 N»OH -. Na.SO, ♦ 2 H.O «> 
on , v,.„h, b««. one pound of ,u.«un< aod r.aco w,* 0.82 pound, of »dium 
hydroxide. 

When hydrated lime is used, the reaction is given by equation 3: 

H,S0,*Ca(0Hl,-.CaS0,*2H,0 (3) 

. , . huHrated lime is required to neutralize 1 mol of acid, almost 
Although only 1 mol of hydrated l.me s q ^^^^^^^ 

. ^ neutralization (equation 2) is stoichiometric, which is not the case 
ToUd w,th acid. Neu,raU».on i, ,h.r.for. ,low.r when l,m. . used. 

« ^ limp based svstems is fouling of the lime with reaction 

particle surfaces, hindering reaction with the acd. 

.«t-w that from 1 S to 2 times more calcium hydroxide is required 

xo >UHK J > 1 1 to 1 5 pounds of hydrated lime, 

pound of acid can require from l . i to i .3 pou j 

J * -,«v.o ralcium hydroxide by slaking. It currently costs 

'r:^::::^^^^-'-- - .... . p>..u,^ 

area (or $450/ton in southwestern Montana). 

I- 1 ««iind of acid is SO.Ufor caustic and from $0.04 

r;r;::r ...d, ....on., 

slaking burnt lime to produce hydrated lime. 
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It ,s 'a.r tc say that sod.um hydrox.ce neutrai.:at.on co5ts 2.5 to 3.S t.mes mor, than 
r,n-,e neutralization, base<3 only on alkal. costs. 

2,2 Oxidation 

iron ox.dat.on is accomplishes by prov.ding oxygen accord.ng to equation 4; 
2FeSO.*0.SO2*2H,SO,-Fe,(SO.)3*H,0 (4) 

Of according to equation S. if sulfate ion is omitted; 

2Fe*^*0.S0j*2H--»2Fe--.*H,O (5) 

These equations show that 1 pound of oxygen oxidizes nearly 7 pounds of ferrous 

iron. 

..boratorv tests have shown that the rate of oxidation is directly proportional to the 
c:n«n"aTon"f ferrous iron and dissolved oxygen and .nverse.y proportional to t^e 
square of the hydrogen ion concentration; i.e.. as: 

d(Fel (FellO:! 

This relationship shows that the rate of iron oxidation is especially sensitive to the 
solution pH. Generally, rapid iron oxidation occurs above pH 7.5. 

The oxidation rat. also depends upon the availability of dissolved oxygen in 
lolutL. Oxygen solubility varies with temperature, pressure, and the amount of 
dissolved matter. Typically, it ranges from 6 to 8 mgA. 

If the level of dissolved oxygen decreases, or if oxygen cannot be supplied at the rate 
at which it is being consumed, the oxidation rate decreases. 
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2.3 Precipi^^JO" 

„,.c,p.ta«on occur, «h.n f.rnc ,r,n w.. w,t.r rh„ ,s red « « 

hydrolysis: 

S;n« ox,d.«n and pr«iplt.t.on occur .«.n,iaUy »,.*.nn th. CST r„ctor. ,h. 
overall r„«on can b. jiv.n by combining equation.. and 7: 

2F.SO..0.5O,»5H,O-.2F.(OH),»2H,SO. (») 

. th»t on« oound of farrous iron consumts O.U pounds of 

::;::r,dr ^.S pound, ..mc .ydrCd. and pounds of 

sulfuric acid are formed. 

S,ua.ons : and 8 provide a means for estimating sodium hydroxide and oxygen, 
given the leachate pH and iron content 

" rrzu:r :r in :r 
:.:;r:o::t:';: — «... wcu. - present, this 

information is lacking. 

3. CALCULAT£0 QUANTTnES 

,«,.t.r in selling CSTs technology is the ability to predict the cost 

Obviousiy. the best w„ to --rtag Tu"^^^^^^ 
small CST reactor and to carefully monitor reagent usag 
perform influent and effluent analyses, etc 

oresented in Section 2. 
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To illurj-ate the method, data coileced dunng the field v,v; to the Keystone s.te on 
January 23. 1991. shown :n Table 1, are used. 

Ounng the sampling period, the CST reactor was fed from two leachate sources: one 
was directly from the refuse p.le runoff, referred to as 'we.r- .n Table 1. and the 
otherwise from the leachate holding pond. These flow rates were used to we.gh the 
average leachate feed parameters. 

Not shown in Table 1 is the pH of the reactor effluent, which was 8.8 during the 
sampling period. 

3.1 NaOH Consumption 

Sodium hydroxide is consumed in two ways: (1) to neutralize the leachate acidity 
and (2) to neutralize the acidity generated during the oxidation of iron (equation 8). 
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Tabl« 1. Keystone CST Plant Data 
for January 28. 1991 



Leachate 

Prom From Plant Plant 



Parameters Wetr Pond lotal EWuent 



Flow, gpm 



90 140 230 230 



Air, lb 02/HP-hr 3 
Aerator HP ^-5 
NaOH(20%).gal^vk 13.500 
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Floe #1. gpm 

Floe #1. lbs/gal 0 019 

Floe #2. gpm 2 

Floe #2. lbs/gal 0.01 

Op.time. hrvday 20 



pH 



2.9 2.9 2.9 7.1 

Iron.mg/L 1.200 2.000 1,687 1 

Manganese, mg/l 10 18 17 1 

Aluminum. mg/L 136 100 114 17 

Sulfate. mg/L 2328 2,328 6.800 5.050 2.350 

Aeidity.mgCOj/l ^.100 4,000 4,040 0 

Alkalinity, mg CO3/L 0 0 0 95 

Sus. solids, mg/l 7 3.068 1,870 12 

The leachate acidity, In mol$/U is calculated from equation 9: 

(H*l «10*'" -lO " » 0.0013 molH-/L (9) 

This concentration of acidity could be converted to sulfuric acid, which could then be 
converted to NaOH by equation 2. 

A simpler way is to recognize that 1 mol of H reacts with 1 mol OH to form 1 mol of 
water. Therefore, 0.0013 mol H is equal to 0.0013 mol OH which is also equal to 
0.0013 mol NaOH. Converting to lbs NaOH/gal gives: 

POOS 629 
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(0.0Ol3)(aO)(3.785)/453.5 - C.:004 ib NaOH/gal 
from which the daily NaOH consumption .s calculated as: 
(0.0004) (230) (60) (20) » T 1 6 lbs/day. 

Equation 8 is used to determine the acidity generated by iron ox.dat.on. it .s 
assumed that the iron content of the leachate is all ferrous irons and that ox.dat.on 
to ferric acid is complete. 

First, the iron in the leachate. 1 .687 mg Fe/L. is converted to mols/L 
1,687 



s 0.0302 mols Fe/L 



(230) (60) (20) 



Equation 9 is used to convert this iron to equivalent sulfuric acid, noting that 1 mol 
of iron equals 1 mol of H.SO,. The result is expressed as lbs acid/gal: 

(0.0302) (98) (3.78S)M53.6 « 0.0247 lb H,SO Jgal 
Converting to NaOH usage gives: 

( (0.0247)/98 1 (2) (40) (230) (60) (20) = 5.565 lbs/day 

Adding this to the previously calculated caustic. 116 lbs/day. gives a total caustic 
demand of 5.681 lb$/day. 

These calculations show that 98% of the caustic is consumed in neutralizing the acid 
generated by the oxidation reaction. 

The weight of sodium hydroxide is converted to gallons of 20% caustic by dividing 
the pounds of caustic by 2.045 lbs/gal : 

5.681/2.045 « 2.778 gals/day 
If the plant operates 5 days per week, the probable weekly caustic consumption is: 

PO0Se3O 
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2,778 • 5 = 1 3,890 gals 20% NaOH per week 

This calculated figure agrees well with the weekly usage reported in Table 1 based 
on historical data provided by Mr. Don Knight, operator at the Keystone plant. 

The unit caustic usage is found by dividing the demand by the leachate flow: 
5 681 

'. = 0.0206 lb NaOH/gal leachate 

(230) (60) (20) 

from which the unit cost, based on $340/ton caustic, is: 
(0.0206) (0.17) = $0.00350/gal leachate 

or: 

0.0035 • 1000 = $3.50/1,000 gal 

The preceding calculations are combined in equation 10, which can be used t 
estimate the daily NaOH usage: 

60 -Q-T.[ 0.334-10-°^ + 1.2.10-5- (Fe)L lb NaOH/day (10) 

where: Q = leachate flow, gpm 
T = operating hours/day 
Fe = iron, mg/L 



<«iPM<j-]t-9 1)1(9 3-ao-vMio.aa 
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3.2 Oxygen Consumption 

The o.yg.n demand .5 calculated by conv.rmg tie leachat. .ron from mg.l ,o 



I'o&'gal: 

(1.687) (3.78S) 



a O.QUIbsFe/gal 



(1,000) (453.6) 
and noting that 1 lb of oxygen oxidizes 7 lbs of F«: 

a G.002lbsG2/gai. 

7 

The amount of oxygen required is: 

(0.002) (230) (60) (20) » 535 lbs/day 

Two aerators were used to deliver oxygen to the reactor for the data given in Table 
1 Each is rated to transfer 3 lb O^/WP-hr to the solution as dissolved oxygen, or: 

(2) (3) (7.5) (20) « 900 lbs/day 

wh.ch is .n excess of that required by caiculafon. However, one aerator would not 
have provided the necessary oxygen demand. 

Equation 1 1 permits the daily oxygen requirementto be estimated: 

7.15 . 10-' . (Fe) • Q • lbs O^/day ^^^^ 
The daily cost of providing this oxygen, assuming an Aeraton Industry aerator is 
used, is approximately: 

1.8.10-' • (F«) . Q • T - C. $/day ^^^^ 
where C « $/kWhr 

P005632 

11 



.u , «.,^->i« the corw to ooerate the aerato' ^as: 
For the data m this example, tne cosw 

7.S (HP) . 2'. 0.746 (kW/HP) . 20 (Hr) . $0.0S3/<Whr , SU'day 



or: 



. S0.000045/gal « SO.OAS/i.OOOgal 



230 • 60 • 20 



3.3 Flocculant Usage 

Flocculant usage is calculated from the rrake-up strength. IbVgal. and the addition 
rate. From Table l.the addition to the rotary thickener was 

0.0l9.(lb/gal) . 4gpm . 60 (min/hr) • 20 hr « 91.2 IbVday 
and to the belt filter press: 

0.01 (lb/gal) . 2 gpm . 60 (min/hr) - 20 hr « 24.0 lbs/day 

giving a total usage of nS lbs/day. Nearly 80% of the flocculant is used to prepare 
the feed to the rotary sludge thickener. 

The flocculant used at Keystone was Percoi 730 (A.lied^o.loid) wh.ch currently sells 
for $3.1 5/lb in small lots. Using this figure gives the daily cost as: 

115-3.1S « $362/day 
The unit cost is: 

. $0.00l3/gal a $1.31/1.000 gal 

230 • 60 • 20 
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3.4 Siudg«Load 

The sludge load can be estimated from tne iron and suspended solids content of the 
leachatebyconverung the concentrations. n mgyito poundVgal: 

8.34* 1(H« 1191 '(P^i « TSS IJbs solids/gal (13) 
where: TSS a total suspendexi solids. mg/L 

using the information in Table 1 , the calculated solids load in pounds/day: 
8.34M0M1-91 * 1.587 = 1870) • 230 • 60 * 20 a 1 1.727 lbs/day 

This should be increased to allow for aluminum and manganese hydroxides: 
1.15' 11.727 a 13.500 lbs solids/day 



or: 

13.500 



3 0.049 lbs solids/gai 



230 • 60 • 20 
3.5 Floe Factor 

Floe usage is usually related to the amount of sludge produced. By ratioing these 
two quantities a factor may be developed for estimating floe usage and cost This 
factor should be developed from historical data. Using the above data gives: 

^ 1lSlbfloc/day ^ 0.008S lb floc/lb sludge 

* ^ ' 13.S0O lb sludge/day 

which is increased 25 percent to allow for upsets: 

Roc Factor a 1.25 • 0.0085 a 0.011 lb floc/lb sludge 
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, ■ .« M<^r3 n tne .-nininq mdurJ-y- floccuiant ^jsage at Keystone .s very high. 
Typ.cal u^age rrm.ng :s 0.00005 ibs ^lodb solid? (i.e.. Q.i ib/ton). 

3.6 Op«rating Casts 

Operating costs consist of labor, reagents, power, and mamtenance. These are 
estimated in Table 2: 

Table 2. Estimated Operating Costs 
for January 28. 1991 



Parameters. 



Power: AO HP- 0.746-24.S0.055/kWhr 
NaOH: 5,700 lbs/day ' S0.l7/lb 
Roc: 125 lbs/day 'SB. is/lb 
Labor: 20 man-hr/day * SU.40/hr 
Maintenance & Supplies: 
Total 



1000 Gal/day 
S/I000gal 



S/dav 


% 


39 


2.1 


969 


52.7 


39A 


21.4 


288 


•15.7 


150 


8.1 


SI ,840 


100.0 


267 




S6:67 





This erJmate shows that reagents comprise nearly 75% of the total operating 



cost. 
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4 SYSTSM ANALYSIS 

The CST svr.em has certain acvantagw and disacvantagas when cofrpare^d to lime- 
base<i $y5tem. The^e are oresented m Tables 3 and 4, respectively. 

Table 3. System Advantages 

(1) Efficient utilization of reactants 

(2) Rapid reaction rates 

(3) Precise control of reaction pH 

(4) High metal precipitation efficiency 

(5) Small sludge volume 

(6) No sludge recycle 

(7) Lower plant capital cost 

(8) Possibility of remote process control 

(9) Portability 

The system advantages listed in Table 3 are clearly selling features that can be used 
to balance the main disadvantage of high reagent costs. 

Table 4. System Disadvantages 

(1) High reagent costs 

(2) Does not precipitate sulfates 

(3) Adds sodium to the effluent 

(4) Re<^uires at least two solids recovery steps 
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* ' - oravde? a comoanwn ber^een the operating cort of a lime-base<3 oiant and 

Table 5. Operating Cost Comparison 



Parameters 


S / dav 






NaOH 8as«d 


Lime-3ased 




2.100 


600 


rtoc 


860 


360 


Labor 


290 


580 


Power 


70 


130 




200 


200 


Total 


3.520 


1.870 


1.000 gal/day 


600 


600 


5/1,000 gal 


5.87 


3.12 


Assumptions: 






Connected HP 


85 


130 


Labor, man-hr/day 


20 


40 


NaOH/Ume usage 


3.5 




Alkali cost. S/ton 


340 


80 


Roc usage, relative 


2 


1 



This operation cost comparison indicates that an additional Sl.630/day is required to 
operate the NaOH-based system. 

Over a year, this difference amounts to neariy S600.000. If the two. plants are 
operated for 10 yeaa the NaOH-based system must be constructed for about 
56.000.000 less than the lime-based system to break even. 

If the initial difference in plant capital is considered, and the future value of this 
difference over 10 years is greater than the accumulative difference in yearly 
operating costs, the NaOH-based system would be favored. 
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"able 6 giv«5 a caoital cost companion for the r/vo svr;em< ■•jas«<d on a rlow of soo 
gpm Only the major e<;uipment items are considered ana it u assumec :^at -Jne 
balance of the piant would be similar for the two systems. 

The NaOH-based system costs are bas«d on a detailed cost estimate presented later 
in this report. Thos« for the lime-based system are estimates made by the wnter 
based on the HOS flowsheet. The NaOH-based costs are installed cost; the lime- 
based costs are delivered equipment cost. The delivered cost were converted to 
installed cost using a 1.63 multiplier (this was the ratio of installed-to-bare 
equipment cost found for the NaOH-based equipment). 



Table 6. Capital Cost Comparison 








$ / dav 




NaOH-8ased 


Ume-8ased 


Feed pump 


6.000 


2,450 


Main reactor 


5,310 


55,000 


Aerator 


10.950 




Air compressor 




20,000 


Reactor disc pump 


9.000 


11.250 


NaOH tank. pump, and flowmeter 


13.835 




Ume silo and slaker 




35.000 


Ume reactor 




25,000 


Clanfier/thickener 


1 10.700 


105.200 


Sludge u/f pump 


6.920 


28,500 


Sludge recyde pump 




16,500 


Belt filter press 


110.020 




Floe tanks, mixers, pumps 


29.000 


14.500 


Conveyer 


11.500 




Effluent oumo - 


21,000 


3,600 


Total 


334.735 


317,000 


Installed cost 


334.735 


523,050 



AMumotions: 

(1) Installed cost a delivered equipment cost * 1 .65. 

(2) The lime-based system reactors are steel tanks. 

P00So38 



H i»e » > l»<niHI'CS^*<0'» 



17 



(3). Lime reactor sized for 2 hr retention time. 



Table 6 indicates a d.frerence of S'SfiJiS .n ^avor of the NaOH-based system. A 
detailed cao.tal co« er.imate should be performed to obta.n a more reliable 

compari5on. 

A high cost burden for the NaOH-bas^d system .s the belt filter press, which is not 
required by the lime-based system, and^ which adds about SnO.OOO to the 
equipment cost ($e« Table 3. item 4). 

The w '=-er feels that a detailed capital cost analysis for a llme-based system will show 
costs comparable to those developed for the NaOH-based system. The Si 1 million 
expenditure for the Conemaugh lime treatment plant seems extreme and may be 
based on extraordinary circumstances not usually encountered m practice. 

The writer's experience tells him that given two systems, both capable of achieving 
the same end. the one costing less will usually be selected by the majority of clients 
requiring such systems. 

The NaOH-based system has two principal disadvantages: 

(1) high price of caustic and 

(2) high flocculant consumption. 

Sodium hydroxide is a byproduct of chlorine manufactunng. Chlorine usage is 
decreasing resulting in a decrease in the production of sodium hydrox.de. However, 
demand for caustic is not decreasing, which is causing its price to increase. Long- 
term prospects for lower caustic prices are not good. 

The writer believes that high flocculant usage is brought about by using sodium 
hydroxide Sodium ions tend to peptize hydroxides, which requires higher polymer 
additions to overcome this effecL When lime is used, the calcium ion acts as a 
coagulant to neutralize surface charges, which reduces flocculant usage. Th.s does 
not happen when sodium hydroxide is used. 
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The writer also -oeLevei :nat tne -ctar/ sluoge thickener .-ecu.res h.gner *locculant 
usage to ensure that a nrong aggregate is produced aheac of tne un.t. i don't 
bei.eve a delicate floe (i.e.. ore tnat :s produced at lower floe additions) would be 
recovered at h.gh efficencv m the rotarv thickener. Grav.cy thickeners are less 
demanding in terms of flocculant addition. 

Mr John Andersen indicated to the writer that the rotary sludge thickener works 
best if the feed contains 2 to 3 percent solids by weight (instead of O.S to l percent). 
It is unlikely that coal refus« leachates would ever contain enough iron to give this 
solids concentration. Mr. Anderson indicated that he is thinking about a flotation 
process that would preconcentrate the precipitants before the sludge thickener. If 
this comes about, the CST process would involve three (3) solids concentration steps! 

The CST system is unique in that it brings oxygen, alkali, and leachate together in a 
way that results in a fast N-O-P (neutralization^xidation-precipitation) reaction. In 
this regard, it beats lime-based systems hands down. 

VVhen the CST system was first developed (1987). sodium hydroxide was much 
cheaper than it is today. Because caustic costs are unlikely to decrease. CST. Inc 
should investigate using mixtures of sodium hydroxide and slaked lime to reduce 
costs For example, if caustic usage can be reduced 50 percent, the difference being 
made up by lime, total alkali cost would decrease nearly 30 percent, from S2.100 to 
Sl,500/day (see Table 5). 

This type of development work would require the construaion of a small CST reactor 
system For example, a 1 HP Aeration lndu«ries aerator would oxidize 21 lbs of Fe 
per hour If the leachate contains 2.000 mg Fe/U the leachate feed rate to consume 
this amount of oxygen is limited to about 20 gpm. A 200 gallon reactor (2,5' d.am. 
X 5') would handle this flow and provide 10 minutes retention time. Of course, if 
the iron content decreases, the flow can be increased. If this suggestion is followed, 
provision should be made for recycling part of the reactor discharge to the feed. 

The writer feels that floe usage can be reduced by replacing the rotary sludge 
thickener with a gravity sedimentation device; e.g.. high<apacity thickeners, solids- 
contaa darifiers. lamella thickeners, Oorr-O^ver flocculatoa etc. As pointed out 
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'ate' -".« -s« or a notary slucge th'cxeier secsnes :moraocai /vnen tne 'eacrate 
*1ow rate eiceedi SCO gpm. 

5. OOCJ MENTATION 

A capital cor. estimate iJ broken down into five cost categories: 

(1) me<hanical equipment 

(2) instrumentation 

(3) electrical 

(4) civil and structural 

(5) summary 



5.1 Cost Estimate Basis 

Budget costs were obtained from equipment manufacturers for the major 
equipment items; i.e.. for pumps, tanks, mixers, flowmeters, a rotary sludge 
thickener, a belt filter press, and a highniapacity thickener. Equipment costs were 
increased 4 percent to allow for freight. Instrumentation and electrical costs were 
provided by POWER Engineers. 

The installed equipment cost was arrived at by determining: 

(1) labor costs.for installing the bare equipment 

(2) cost of materials needed to complete the installation (normally piping, 
valves, fittings) 

(3) labor costs for installing the materials, and 

(4) subcontract work (earthwork, concrete, etc). 

A labor rate of S34/hr was used in calculating labor costs. POWER Engineers 
followed a similar method for arriving at installed costs. 

The building cost was obtained from GARCO (Spokane) and is quoted erected. 
Earthwork, concrete, lighting, structural steel, carpentry, etc. was estimated from 
data in the 1989 and 1990 Means construction guide reference books. 
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It was assurrec that CST, Inc, would ae own canjtruc-jon .ranager, and no 
allowance '^vas.Tiade for conrvructjon management and fees other than those shown 
in the e5timate. 

Engineering costs were based on U drawings, each at $2,500. Working capital of 
S42.Q00 was allotted for start-up and no contingency was allowed. 

Appendix A contains the detailed cost breakdown for the 500 gpm bas« cas«. 
Appendix 3 contains a summary of all four cases, but reports only the installed costs. 

Appendix C contains the system flowsheet and equipment arrangement drawings 
defined as follows: 

DWGGl Raw Water-Solids Management System P4I0 

Flowsheet: for rotary sludge thickener 

DWG G2 Building Plan and Seaions: for i' dia x 24' RST 

DWG G3 Building Plan and Sections: for 5' dia x 24* RST 

DWG G4 Water - Solids Management System P & ID 

Rowsheet: for gravity thickener/clarifier 

Q5 Building Plan and Sections: for thickener/clarifier 

5.2 PilO Flowsheets 

Flowsheets Gl and G3 are identical except that Gl shows a rotary sludge thickener, 
while in G3. this is replaced by a conventional high<apadty thickenerHriarifier. 
Flowsheet G l is essentially identical to the Keystone plant flowsheet 

Run-cff from the refuse piles (or coal stockpiles, etc) is stored in a 2 million gallon 
equalization pond (270 ft L x 100 ft W x 8 ft 0). The bottom of the pond is lined 
with compacted clay or fine shale. A synthetic membrane liner (40 mil HOPE) might 
be required which would add about S35.000 to the cost estimate. 

P00S$42 



21 



Leachate ^ puiroed from :ne sond by a 500 gpm fixed speH subme^.bie pump. A 
manual bypass vaive on the pump d.scnarg* can be set :o rec/de from 0 to 3C0 gpm 
back to the pond, thus giving the plant an adjustable feed rate of 200 to 300 gpm. 

Two level switches intertock with the pump. The low-ievel switch turns the pump 
off; the high-level switch turns the pump on. 

Both the leachate flowrate and reactor pH are measured and signals are sent to the 
PLC 

The discharge from the reactor is pumped to the rotary sludge thickener (RST) by a 
variable-speed pump. This pump could be eliminated if the CST reactor is elevated 
sufficiently high to permit gravity flow to the RST. This option was not pursued. 

A level sensor in the CST reactor and a controller vary the pump speed to maintain a 
balance between output and input. The pump suction is connected directly to the 
reactor. To permit this, the reactor should be extended 2 feet and an internal weir 
installed to provide an isolated sump. 

Caustic is metered to the reactor using a variable-speed gear pump which is 
controlled by the PLC. A gear pump is cheaper than a two-stage piston pump used at 
Keystone. A caustic flowmeter and recorder have been added for accounting 
purposes. 

Mr Anderson indicated to the writer that a S* diameter by 24' long rotary sludge 
thickener would be reiquired to handle a flow of 500 gpm. Tne cost of this unrt is 
S I 80.000. A thickener to handle the same flow would be 26' in diameter and would 
cost $88,000 (Envir-O-Clear Corp.). 

To compare these two options, their costs are expressed in $/sq ft For the rotary 
sludge thickener the cost is S180.000/377. or S477/$q ft.- for the thickener, the cost .$ 
S88.000/S31.or$166/sdft. 

This comparison shows, all things being equal, that it is more economic to use a high- 
capacity thickener than a rotary sludge thickener. Clearly, for throughputs over 500 
gpm it becomes uneconomic to use a RST. 

P00So43 
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rlcwsnee-. shows a high -capacity thickener installed .n place of the rota/7 sludge 
•h.ckener* in either case, th-ckener sludge .s purroed to the belt filter press (SF?) 
using a variable speed pump. The pumpmg rate is measured oy a flowmeter, either 
magnetic or ultrasonic 

The belt filter press discharge is fed to a belt conveyor for off-loading onto a truck. 
Filtrate from the 3FP and solution from either typ« of thickener is sent to the treated 
water pond, where it is pumped to the watershed. 

The treated water pond was sized to store only 50C.000 gallons. The writer could see 
no good reason for sizing the pond to contain the same volume as the equalization 
pond. In fact, the volume could be reduced to several hundred thousand gallons. 

Provision should be make in the pond for collecting and removing tramp solids 
which discharge with the dean solutions. The pond also supplies water to the plant 
for wash-down, sprays, floe make-up. etc, via a small, high.pressure submersible 
pump. 

The plant contains a small vertical sump pump which discharges into the 
ecualization pond. 

Rocculant is made up in two sets of tanks, each set consisting of two 600 gallons 
polyethylene tanks equipped with gearndriven. tank-mounted mixers. Two variable- 
speed rotary cavity pumps are used to deliver the flocculantto the thickener and belt 
filter press. Each floe line is monitored with a flowmeter. 

A general material balance is shown on each P&IO drawing. 

The total connected Onstalled) power is 103 HP. Of this. 30 HP is for the treated 
water discharge pump. This pump was sized to deliver 600 gpm through a 6' 2.000 
ft line against a head of 100 ft 

It was visualized that the plant would be run from a small control panel, although 
local start/stop stations would be available at each motor. The PLC and MCC would 
be contained in separate housings. 

P00S644 
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5.3 General Arrangement Drawings 



A 4^' X 40' 6* building was selected as being the smallest building to provide 
adequate room for containing the equipment in flow^eet Gl . Drawings G2 and (33 
show the layout for the 4' x 1 2' RST and G3 shows the an^ngement for the 5' x 25* 
RST. Both the RST and BFP are elevated off the floor with separate operating floors 
for each piece of equipment. In G3, the laboratorynaffice and bathroom area were 
sacrificed to accommodate the larger RST. 

Drawing Q5 shows how the equipment is arranged when a thickener replaces the 
RST. The building size has been reduced to 40' x 36' x 14' 6", while still 
accommodating a small lab/office, bathroom, and electrical area. 

5.4 Cost Summaries 

The capital cost estimate for the SCO gpm base case is abstracted from Appendix A in 
Table?. 
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Table 7 Capital Cost for 500 gpm Plant 



in^allation. S 



Area 

Equipment 

Instruments 

Electrical 

Civii-Mech 

Subtotal 

CST 0 & A 

Engineering 

Licenses 

insurance 

Contingency 

Working Cap 

Subtotal 

AsH 

Project 

AS% 



gquio. 


Mtl 


Labor 


Sub< 


Total 


Total 


3&t,403 


31.122 


28.790 


8,680 


68,592 


432,995 


15.056 


4.000 


12.100 


12.100 


16,100 


31.1S6 


36.815 


3,200 


15.025 


21.855 


040,080 


76,895 


0 


2.150 


4.850 


93,980 


113.980 


145,980 


416,274 


40.274 


60.765 


136.615 


238.752 


687.027 


100 


10 


15 


33 


57 


165 



14,500 
30,000 
2.500 
5,000 
0 

42.000 
94,000 
23 

781.027 
188 



The costs for the other three cases are summarized in Table 8. The portable plant 
does not involve any solids-liquid separation equipment. The other cases use gravity 
thickeners for the first solids concentration step. 
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Ta6*# 8. Cacrta* Cc«t ft^ ^ SiXM (HCTQ 
INSTALLED COST. 1 



tnstrufTMntation 
Stctncal 

Gvil & Machanicai 

SUB-TOTAL 

Other Costa I*) 

TOTAL 

Capitai Cost per Gallon 





SOQ 


1 OOP 


2. OOP 


$ 45,601 


1350.253 


S 530.828 


$ 807,648 


18,556 


31. IM 


33.326 


36.601 


18.140 


76.895 


114.060 


169,705 


1.000 


145.980 


ifl9.Q80 




$ 83.397 


1604.284 


» 887.294 


$ 1.249,334 


41.S0Q 


94 000 


148.500 


243.500 


i 124.897 


) 698.284 


$ 1.015.794 


$ 1.492.844 


250 


1,397 


1.016 


746 


Ucansas. inauranc*. l«gai. woritino capital. 





6. SUMMARY AND CONCLUSIONS 

Th« CST NaOH-based wastewater treatment syTvem is an alternative to lime-based 
systems treating acid leachates derived from coal refuse piles, coal stockpiles, and 
mine waste dumps. 

The CST system has advantages over lime-based system which include (1) rapid 
reaction rates. (2) efficient utilization of reactants. (3) complete precipitation of 
iron without sludge recycle. (A) smaller sludge volume. (S) lower plant capital costs, 
and (6) portability. 

It has three disadvantages; (1) high price of caustic (2) high flocculant 
consumption, and (3) the system requires two stages of solids dewatenng. 
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The firr. rwo facton result coeratjrg costs -J-.at are aoc'.^x.mately 1.3 timei the 
operating cost of a !ime-base<S system. The th,.ra factor .-narxedly mcreases '-he plant 
capital cost. 

One way to re<duce the flocculant usage and cost, as well as plant capital cost, is to 
replace the rotary siudge thickener with a conventional gravity thickener that is 
designed for waste-water treatmem. 

There are a number of workable choices. Gravity settling is less vigorous than the 
aaion occurring in the rotary sludge thickener. The floe structure need not be as 
strong, which means less flocculant is required to settJe the sohds. 

Operating costs can also be reduced by replacing some of the sodium hydroxide with 
slaked lime. For example, replacing half of the caustic with lime can lower 
neutralizing costs 30 percent. 

Employing lime will precipitate gypsum, thus lowering the sulfate level. And. it 
should help coagulate the precipitates and lower flocculant usage. However, .t may 
also lower the reaction rates. 

To determine the merits of this approach, it is recommended that a small, portable 
20 to 30 gal/min CST reactor, utilizing a 1 HP aerator, be constrijcted to investigate 
replacing some of the caustic with slaked lime. 

Experimentation with this unit at the Keystone site should: 

(1) reveal whether a NaOH-lime based system is feasible 

(2) identify significant operating problems 

(3) identify to what extent it can reduce reagent costs over a NaOH-based 
system. 

The writer believes that aggressive development work is required to utilize the 
advantages offered by the CST reactor in developing business applications for 
treating acidicleachates. 
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CHEMICAL SEPARATION TECHNOLOGY, INC 



April 16, 1992 



Sumnitvilld Consolidated Mining Co., Inc. 
P. O. Box 2G 

Del Korte, Colorado USA 81132 

Attention Mr. Bill Williaas 

R£: Preliminary Proposal 4/14/92 
Reynolds AOIT 

Dear Bill, 

Per our telephone conversation 4/14/92 the effluent 
discharge quality at the above subject site should be as 
follows. 



All discharge limits have been determined from the raw water 
quality data that you forwarded to ne earlier. Historically 
we have experienced netals discharge ranges in the .002 Mg/1 
ranges and those limits could be achievable at the AOIT 
site. 

Please call me if I can be of further assistance. 
Very truly yours. 

Chemical Separation Technology, Inc. 



7.5 



Fe 
cu 
Mn 
Zn 



< 1 Mg/1 

< .1 Mg/1 

< 1 Mg/1 

< 1 Mg/1 




President 



SMS/ds 
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IN THE UNITED STATES COURT OF FEDERAL CLAIMS 



CHEMICAL SEPARATION TECHNOLOGY, INC. 
and SANFORD M. STEVENSON. 



Plaintiffs, 



No. 97-21 C 



V. 



Judge Francis M. Allegra 



THE UNITED STATES, 

Defendant 



AFFIDAVIT OF SANFORD M. STEVENSON 
IN SUPPORT OF RESPONSE IN OPPOSITION TO 
DEFENDANT'S MOTION FOR PARTIAL SUMMARY JUDGMENT 



And Now, this 21st day of May, 1999, 1, Sanford M. Stevenson, being 57 years of age, of 
sound mind, and competent to testify, state under oath and penalty of perjury pursuant to 28 
U.S.C. § 1746 the following upon my personal knowledge: 



involved with the installation of the PITS System at the Summitville Mine for Summitville 
Consolidated Mining Company, Inc., (SCMCI) which is a subsidiary of Galactic Resources, Ltd. 
Construction of an operational PITS System was completed on August S, 1992. I began initial 
startup of the installation of the PITS System at Summitville Mine on July 13, 1992 and left the 
site on July 24, 1992, I returned to the site on July 31, 1992 through August 2, 1992. (see 
Invoice attached as Exhibit 2) During this period of time, I was engaged in experimentation to 
fmalize and make predictable the chemical process that ultimately became U.S. Patent No. 
5,370,800, granted on December 6, 1994, entitied "Method for Removing Metal Compounds 



DRCLARING U.S. PATENT NO. S J70.800 INVALID 



1. 



I am the president of Chemical Separation Technology, Inc. I was personally 




from Waste Water" (hereinafter *800 Patent). C800 Patent attached as Exhibit 3) 

2. During the periods of time identified in paragraph 1 of this Affidavit, I calibrated 
and activated the reactor component of the PITS System which is disclosed in claims 1 through 9 
of the Chemical Separation Technology, Inc., (CST) Patent No. 4,749,497, granted on June 7, 
1988, entitled "Method and Apparatus for Treatment of Acidic Watw* (hereinafter '497 Patent). 
C497 Patent attached as Exhibit 4) 

3. The PITS System as ultimately constructed and finalized on August 5, 1992, is the 
sludge dewatering components and chemistry, coupled with the reactor component covered by 
the '497 Patent, that falls within the scope of claims 1 through 25 of the Sanford M. Stevenson 
'800 Patent. 

4. During the same period of time referenced in paragraph 1 of this Affidavit, the 
installation and activation of the sludge dewatering components and chemistry of the PITS 
System at the Summitville Mine were delayed because of control panel wiring problems, a lack 
of fresh water to mix and test polymers, as well as the testing and experimentation with the types, 
dosages, dilutions, and type specific injection and placement of polymers. The August 31, 1992, 
letter of SCMCI produced by the Government in response to Plaintiffs request for production of 
documents corroborates and articulates the experimentation process which CST and I underwent 
to finalize and ultimately reduce the method covered by the '800 Patent to practice. (letter 
attached as Exhibit 5). In addition, as late as August 2, 1992, after I left the site and was 
returning to Pittsburgh, the chemical process that became the method of the *800 patent was not 
fmalized as is evidence by the fax of Mr. John Anderson to me wherein he details for me the 
problems with the sludge and states at the end, "Get the chemical treatment under control." (Fax 



attached as Exhibit 6) 

5. Prior to May 25, 1992, 1 had not reduced to practice the Method covered by the 
'800 patent, nor had I prepared any drawings which disclosed the type, dilution, dosage or 
injection placement of polymers that are disclosed by claims No. 21 , 22, 23, of the '800 Patent 
Prior to the experimentation during the period referenced in paragr^h 1 of this Affidavit I was 
unsure that the method would work, and it was only around August 5, 199^ that the method had 
been refined to a degree of predictability. ^ 

6. On April 14, 1992, 1 sent a preliminary budget proposal to SCMCI Getter attached 
as Exhibit 7). At the time that I sent such proposal, I was uncertain that the method which 
utilized the mechanical system embodied as the PITS System would function effectively. Mr. 
William B. Williams, of SCMCI, and I spoke about my uncertainty and! advised him that if the 
system didn't work, then SCMCI didn't have to pay for it Mr. Williams memorialized my 
uncertainty in his purchase order of the system dated May 5, 1992, whexcin it states "FINAL 
COSTS AND DETAILS TO BE VERIFIED BY PLANS AND SPECIFICATIONS TO 
FOLLOW". (Purchase Order attached as Exhibit 8) 

7. Upon careful examination, none of the exhibits attached to Defendants Motion for 
Partial Summary Judgment discloses the process ultimately disclosed by the '800 Patent which is 
a method for removing metal compounds from waste water. The exhiWts merely disclose the 
placement and sequential operational chain of the conventional x^-ater-treatment apparatus used to 
enable the chemical method disclosed in the *800 Patent 

8. Specifically, Exhibits 3, 10, 13 and 16, offered by Defendants in support of the 
fact that the method patented in the *800 Patent was reduced to practice, do not disclose the type, 



injection placement or dilution of specific types of polymers claimed in claim numbers 21 . 22, 
and 23 of the '800 Patent. Nor do any exhibits disclose the pH operational limits under the 
claims of the '497 Patent which make the '800 Patent method possible. Exhibit 10 attached to 
Defendant's Appendix are not copies of blueprints sent to SCMCI on May 14, 1992. The actual 
blueprint sent on that date is attached hereto as Exhibit 9. 

9. Without disclosure of the information identified within paragraph 8 of this 
Affidavit, a skilled artisan could not reduce the method disclosed in the '800 patent to practice. 

10. The method which is patented and disclosed by the '800 Patent was not reduced to 
practice until I completed experimentation with mixing, dilution, types and specific injection and 
placement of polymers and produced an effective and predictable method capable of patenting. 
The successfiil completion of such experimentation was accomplished on or about August 5, 
1992. 




Sworn and Subscribed to me 
this 2 1st day of May, 1999 

Nntary Tftjhlir 

Notarial Seal I 

— ^" ' " .* tiAt4#ia* 



BedcyRw 
Pittsburgh- 

MyCommissii 

llenitef.P«nr^;*:i''.^. Notaries 
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45 Fed.Cl. 513 

53 U.S.P.Q.2d 1419 

(Cite as: 45 Fed.Cl. 513) 

<KeyCite Citations> 

United States Court of Federal Claims. 

CHEMICAL SEPARATION TECHNOLOGY, 
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The UNITED STATES, Defendant. 
No. 97-21C. 

Dec. 14, 1999. 

Holder of patent on method of treating industrial 
wastewater older brought suit against the United 
States, alleging infringement, and seeking just 
compensation for the government's unlicensed use of 
the patented technology. On defendant's motion for 
partial summary judgment, the Court of Federal 
Claims, AUegra, J., held that genuine issues of 
material fact as to whether method of treating 
industrial wastewater was ready for patenting prior to 
one year before patent application precluded summary 
judgment on issue whether "on sale bar" afforded 
defense to infringement claim. 

Motion denied. 
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Elements of the "on sale" defense to a patent 
infringement claim are: (1) that there was a definite 
commercial sale or offer for sale of the invention 
claimed in the patent more than one year before the 
patent application was filed; and (2) that at the time 
of that sale or offer for sale, the invention was ready 
for patenting. 35 U.S.C.A. § 102(b). 

[2] Federal Courts kll20 
170Bkll20 

Genuine issue of material fact as to whether method of 
treating industrial wastewater was ready for patenting 
prior to one year before patent appHcation precluded 
summary judgment on issue whether "on sale bar" 
afforded defense to infringement claim. 35 U.S.C.A. 
§ 102(b). 

*513 Louis M. Tarasi, Jr., Pittsburgh, Pennsylvania, 
for plaintiffs. 



Cameron Eliot, U.S. Department of Justice, with 
whom was Acting Assistant Attorney General David 
W. Ogden. 

OPINION 

ALLEGRA, Judge. 

This patent infringement suit is before the court on 
defendant's motion for partial summary judgment. 
The defendant asks this court to declare U.S. Patent 
No. 5,370,800 invahd due to plaintiffs' alleged 
violation of *514 the "on-sale bar" of 35 U.S.C. § 
102(b)(1988). Following oral argument and after a 
careful review of the materials submitted by the 
parties, this court finds that the issue whether the 
plaintiffs violated the on-sale bar as to this patent 
presents material questions of fact and thus is not 
susceptible to summary judgment. Defendant's 
motion for partial summary judgment is therefore 
DENIED. 

I. Facts 

The plaintiffs. Chemical Separation Technology, Inc. 
(CST), an Idaho corporation, and its president and 
major shareholder, S.M. Stevenson, are owners of a 
U.S. patent that relates to the treatment of waste 
water. The patent, U.S. Patent No. 5,370,800, (the 
800 patent) was applied for on May 25, 1993, and 
granted on December 6, 1994. The patented 
"method" is used in an apparatus constructed by CST 
known as a "portable interim treatment system" (PIT 
System). The PIT System, using a series of chemical 
agents, precipitates hazardous minerals and 
conq)ounds from industrial waste water, thereby 
cleaning the water. A critical feature of the 
"method," according to the plaintiffs, is the addition 
of cationic and anionic polymers [FNl] to the polluted 
water, thereby causing the minerals to clump together 
(flocculate) and producing water with metal ion 
concentrations below EPA limits. 

FNl. A polymer is macromolecule, a string 
of organic or inorganic molecules, formed by 
the chemical xmion of at least five identical 
monomers, which are simple molecules or 
confounds usually made of carbon and 
exhibiting simple structure and low 
molecular weight. See Hawiey's Condensed 



Chemical Dictionary 900 (13th ed.l997). A 
cationic polymer exhibits a positive ionic 
charge, while an anionic polymer exhibits a 
negative ionic charge. Id. at 77, 223-24. 
Polymers aid in flocculation by forcing 
suspended metal particles to aggregate into 
clumps or tufts as they pass through a 
solution containing these long chains of 
inorganic or organic compounds. Id. at 506. 

Prior to April 1992, CST had a nimiber of prototype 
waste water treatment systems running involving 
physical plants very similar, if not identical, to the PIT 
System. At least two of these systems were being 
used in coal refuse landfills in Pennsylvania. An 
additional apparatus was in operation at the 
Pennsylvania Electric Company in Indiana, 
Pennsylvania, designed to precipitate iron, a ferrous 
metal, with the incidental removal of manganese and 
aluminum. 

On April 14, 1992, CST made a formal offer of sale 
of a waste water treatment facility using the PIT 
System to Summitville Consolidated Mining 
Con^any ("Summitville"), a subsidiary of Galactic 
Resources, Inc., to remove copper from waste water 
produced at its gold mine in Summitville, Colorado. 
This offer was accepted by Summitville on April 24, 
1992, and a purchase order was signed by an agent of 
Summitville on May 5, 1992. According to the 
plaintiffs, the system needed at the Summitville site 
was fundamentally different than that in use at the 
Indiana, Pennsylvania site, because the latter system 
was incapable of dealing with the copper-laden waste 
water produced at Summitville. In an effort to 
develop a polymer method that would deal with 
nonferrous pollutants such as copper, Mr. Stevenson 
allegedly engaged in an additional round of 
experimentation that was not completed until August 
5, 1992. As such, plaintiffs allege that what they sold 
to Summitville in the spring of 1992 was an 
unfinished water treatment system, as the specific 
chemical process for removing non-ferrous metals, 
including the specific polymers, dilution, dosage or 
injection points to be used to effect the removal of 
non-ferrous minerals, was then inconr^lete. 

Following the installation of the PIT System at 
Simimitville, a number of different polymers were 
utilized, with varying degrees of success. Penny 
McPherson, the environmental manager at the 
Summitville mine, contacted the United States 
Department of Natural Resources and the Colorado 
Department of Health by letter of August 31, 1992, 
regarding the state of waste water treatment and 
copper removal. Her letter suggests that the specific 



polymer mix was not finalized until August of 1992. 
[FN2] 

FN2. Her letter reads, in pertinent part: 
[The PIT System was restarted] on July 27 ... 
and [Summitville] directly inject[ed] the ... 
polymer in the stream. Only moderate 
success was achieved with this direct 
injection method and the quality of the 
solution in the PITS tanks was not sufficient 
for discharge. It was evident a near-neutral 
pH water source would be needed to achieve 
proper AUied Colloids polymer dosages to 
the PITS and [Summitville] placed a punp 
and circulation pipeline in the clear solution 
(pH 7-8) near the top of the # 2 clarifier tank. 

The Allied Colloids polymer was not 
compatible with this solution.... 
[Summitville] asked for technical assistance 
in solving the flocculation and sludge 
formation problems at the PITS... Once ... a 
polymer had been found that could be used 
with the PITS effluent ... the PITS performed 
very satisfactorily. 

*515 The PIT System was left in place at the 
Summitville site after Galactic abandoned the site. In 
December, 1992, defendant, through the EPA, began 
an emergency Superfund response action at the 
Summitville site. An outside firm, the Environmental 
Chemical Con^any (ECC), was retained to serve as 
the emergency response contractor to manage the 
clean-up of the site. The clean-up included treatment 
of waste water, which ECC acconq)lished by using the 
PIT System already installed at the site. In 1993, 
ECC issued a request for proposals (RFP) seeking 
conttact bids for enhancing the capacity of the PIT 
System. CST submitted a proposal, but ECC chose 
not to award the contract and performed the work on 
the PIT System itself. 

Plaintiffs claim that: (i) ECC performed this 
enhancement, a modification that resulted in an 
operation of the PIT System at an unlicensed rate; 
[FN3] (ii) defendant allowed ECC to perform this 
work without a license; and (iii) defendant has 
continued to use plaintiffs' patents without license 
since 1993. Plaintiffs filed their complaint in this 
court on January 13, 1997, seeking compensation 
under 28 U.S.C. § 1498 for defendant's infringement 
of all 25 of the claims contained in the 800 patent. 
Plaintiffs also seek just condensation for defendant's 
unlicensed use of plaintiffs' patented technology under 
the takings clause of the Fifth Amendment. 

FN3. The PIT System was sold under a 



license to treat 100 gallons per minute and to 
precipitate out 40 pounds of minerals 
(specifically copper, a non-ferrous mineral) a 
day; following modification by ECC, the 
PIT System was operating at a minimum of 
300 gallons per minute and 560 pounds of 
copper precipitation per day. 

Defendant filed its motion for partial summary 
judgment on April 28, 1999, responding to the claim 
of infringement by asking this court to declare the 800 
patent invalid due to plaintiffs' violation of 35 U.S.C. 
§ 102(b). [FN4] Defendant claims that the PIT 
System was offered for sale more than one year before 
May 25, 1993, the critical date upon which the 
plaintiffs first applied for a patent, and that the PIT 
System was "ready for patenting" on or prior to this 
date. In support of this claim, defendant relies, inter 
alia, on deposition testimony given by Mr. Stevenson 
on March 26, 1998, in litigation between ECC and 
CST, which it contends suggests that the PIT System 
was virtually complete in 1990 or 1991. [FN5] 

FN4. Section 102(b) of Title 35 provides, in 
pertinent part, that "[a] person shall be 
entitled to a patent unless- 
(b) the invention was ... in public use or on 
sale in this country, more than one year prior 
to the date of the application for patent in the 
United States." 

The measuring date for piuposes of applying 
this subsection—the date of the patent 
application from which the one-year period 
is measured—is often referred to as the 
"critical date." 

FN 5. This deposition testimony reads, in 
pertinent part: 

Q: When did the metals removal process that 
you incorporated into the Indiana, 
Pennsylvania, unit become conq)lete or 
finalized? 

A. I think it became finalized sometime in 
'90, '91, in that area. 

Q: Why didn't you apply for a patent at that 
time? 

A: Because there were other developments 
and enhancements I wanted to add before I 
went for the patent application. 
Q: Between '90 or '91 and the time you 
applied for the patent. May 25, 1993, what 
other developments or enhancements to the 
metals removal process did you include? 
A: Primarily control and the need to 
eliminate a large piece of equipment we don't 
need any more. 



In opposing this motion, plaintiffs argue that the 
subject of the 800 patent was not the PIT System, per 
se, but rather a method hinging on the particular mix 
and ordering of flocculating agents used within the 
PIT System. They contend that while this polymer 
chemistry had been reduced to practice for ferrous 
metals before the critical date, as evidenced by its use 
at the Indiana, Pennsylvania, *516 site, it was not 
developed for copper- laden pollutant streams, such as 
that present in Simunitville, which involved both 
ferrous and nonferrous minerals, until several months 
after the critical date. As such, they contend there was 
no violation of the "on-sale bar" as to the method 
underlying the PIT System and incorporated into the 
800 patent, 

n. Discussion 

Summary judgment is as viable in a patent case as in 
any other. See Becton Dickinson <S: Co. v. QR. 
Bard, Inc., 922 K2d 792, 795 (Fed.Cir.1990). 
Summary judgment is appropriate when there is no 
genuine dispute as to any material fact and the moving 
party is entitled to judgment as a matter of law. See 
RCFC 56; Anderson v. Liberty Lobby, Inc., 471 U.S. 
242, 247-48, 106 S.Ct. 2505, 91 L.Ed.2d 202 (1986). 
Disputes over facts that are not outcome- 
determinative under the governing law will not 
preclude the entry of siunmary judgment. See 
Anderson, All U.S. at 248, 106 S.Ct. 2505. 
However, summary judgment will not be granted if 
"the dispute about a material fact is 'genuine,' that is, 
if the evidence is such that a reasonable [trier of fact] 
could return a verdict for the nonmoving party." Id. 
See also Matsushita Elec. Indus. Co., Ltd. v. Zenith 
Radio Corp., 475 U.S. 574, 587, 106 S.Ct. 1348, 89 
L.Ed.2d 538 (1986); California ex rel. Dept. of 
Transp. v. United States, 27 Fed.Cl. 130, 135 (1992), 
affd, 11 F.3d 1071, 1993 WL 410284 (Fed.Cir.1993). 

When reaching a summary judgment determination, a 
judge's function is not to weigh the evidence, but to 
determine whether there is a genuine issue for trial. 
See Anderson, All U.S. at 249, 106 S.Ct. 2505. See 
also Agosto V. INS, 436 U.S. 748, 756, 98 S.Ct. 2081, 
56 L.Ed.2d 677 (1978) ("[A] [trial] court generally 
cannot grant summary judgment based on its 
assessment of the credibility of the evidence 
presented"). The judge must determine whether the 
evidence presents a disagreement sufficient to require 
submission to fact finding, or whether it is so one- 
sided that one party must prevail as a matter of law. 
See Anderson, All U.S. at 250-52, 106 S.Ct. 2505. 
In doing this, all facts must be construed in a light 
most favorable to the nonmoving party and all 



inferences drawn from the evidence must be viewed in 
the light most favorable to the party opposing the 
motion. See Matsushita, 475 U.S. at 586-87, 106 
S.Ct 1348 (citing United States v. Diebold, 369 U.S. 
654, 655, 82 S.Ct. 993, 8 L.Ed.2d 176 (1962)). 

Under 35 U.S.C. § 282 (1994 & Supp. Ill 1997), a 
patent is presumed valid and one challenging its 
validity bears the burden of proving invalidity by 
clear and convincing evidence. See Mas-Hamilton 
Group V. LaGard, Inc, 156 F.3d 1206, 1216 
(Fed,Cir.l998); Innovative Scuba Concepts, Inc. v. 
Federated Indus. Inc., 26 F.3d 1112, 1115 
(Fed.Cir.1994). An issued patent is invalid if "the 
invention was ... on sale in this country, more than one 
year prior to the date of the application for patent in 
the United States, ..." 35 U.S.C. § 102(b). The sale 
of the invention, which case law makes clear includes 
an offer for sale, [FN6] must be for commercial gain 
and not merely for experimental use. The ultimate 
determination whether an invention was on sale within 
the meaning of section 102(b) is a question of law, 
based on the underlying facts. See Tec Air v. Denso 
Manufacturing Michigan, Inc., 192 F.3d 1353, 1357 
(Fed.Cir.1999); Weatherchem Corp. v. J.L. Clark, 
Inc., 163 F.3d 1326, 1332 (Fed.Cir.1998). 

FN6. See, e.g., D.L Auld Co. v. Chroma 
Graphics Corp., 714 F.2d 1144, 1150 
(Fed.Cir.1983). 

In Bonito Boats, Inc. v. Thunder Craft Boats, Inc., 
489 U.S. 141, 151-52, 109 S.Ct. 971, 103 L.Ed.2d 
118 (1989), the Supreme Court explained that the 
"federal patent system ... embodies a carefully crafted 
bargain for encouraging the creation and disclosure of 
new, useful, and nonobvious advances in technology 
and design in retum for the exclusive right to practice 
the invention for a period of years." "In consideration 
of its disclosure and the consequent benefit to the 
community," the Supreme Court further stated, "the 
patent is granted" and the investor receives an 
exclusive monopoly for a limited period of time. 489 
U.S. at 151, 109 S.Ct. 971. In this statutory context, 
section 102 "serves as a limiting provision ... 
confming the *517 duration of the monopoly to the 
statutory term." Pfaff v. Wells Electronics, Inc., 525 
U.S. 55, 119 S.Ct. 304, 310, 142 L.Ed.2d261 (1998). 
See also King Instrument Corp. v. Otari Corp., 161 
F.2d 853,860 (Fed.Cir.1985). 

In Pfaff, the Supreme Court enunciated the standard 
for applying the "on sale bar." Wayne K. Pfaff 
designed computer chip sockets. See 119 S.Ct. at 
307. In 1980, Texas Instruments contacted Pfaff and 
asked him to design a special computer chip socket 



for the company. Id. Pfaff prepared detailed 
engineering drawings that described the design, the 
dimensions and the material to be used in the making 
of the socket. Id. Before the critical date, Pfaff 
showed a sketch of his concept to Texas Instruments. 
Id. Subsequently, but prior to the critical date, Texas 
Instruments forwarded a written order to Pfaff for the 
purchase of 30,100 sockets. Id. Although the 
invention was not reduced to practice and the order 
was not filled until after the critical date, the Supreme 
Court concluded that the "invention had been on sale 
for more than one year in this country before [Pfaff] 
filed his patent application." 1 19 S.Ct. at 3 12. 

In reaching its decision, the Supreme Court, 
recognizing the desirability of developing a "bright- 
line mle," held that two conditions were required 
before the on sale bar applied, "First, the product 
must be the subject of a commercial offer for sale.... 
Second, the invention must be ready for patenting." 
119 S.Ct. at 311-12. The Court held that to 
demonstrate that an invention is ready for patenting a 
party could prove, inter alia, either that the invention 
was reduced to practice before the critical date or, 
"that prior to the critical date the inventor had 
prepared drawings or other descriptions of the 
invention that were sufficiently specific to enable a 
person skilled in the art to practice the invention." Id. 
at 312. [FN7] Because Pfaff s drawings allowed the 
manufacturer to produce the socket, and the sockets 
manufactured contained all the elements of the 
invention, the Supreme Court held that the invention 
was ready for patenting. Id. [FN8] 

FN7. See generally, Isabelle R. Mc Andrews, 
''The On-Sale Bar After Pfaff v. Wells 
Electronics: Toward a Bright-Line Rule,'' 
81 J. Pat. & Trademark Off. Soc'y 155 
(1999). 

FN8. The Federal Circuit has repeatedly 
appUed Pfaff in its recent cases, noting that 
the decision supplants the Federal Circuit's 
prior "totality of the circimistances" analysis 
of the "on sale doctrine." See Brasseler, 
U.S.A. I, LP. V. Stryker Sales Corp., 182 
F.3d 888, 889- 90 (Fed.Cir.1999); 
Weatherchem Corp., 163 F.3d at 1333, 

[1] Applying the Pfaff test to the facts of this case 
requires the defendant to establish the absence of a 
dispute of material fact in respect to the two elements 
of the "on sale" defense, namely, (i) that there was a 
defmite commercial sale or offer for sale of the 
invention claimed in the 800 patent more than one 
year before the plaintiffs filed their patent application; 



and (ii) that at the time of that sale or offer for sale, 
the invention was ready for patenting. While the 
defendant has met its burden as to the first prong of 
this test, the court concludes that material questions of 
fact exist as to the second prong of the Pfajf test, i.e., 
whether the invention was ready for patenting. 

As to the first prong of the Pfajf test, it appears 
uncontroverted that the PIT System—enconq^assing 
both an apparatus and chemical process—was on sale 
prior to the critical date, May 25, 1992. In this 
regard, defendant correctly points out that in advance 
of the critical date, plaintiffs had made an offer to 
Summitville, that offer had been accepted, a purchase 
order had been submitted by Summitville, and 
Summitville had made its first lease payments to 
Vision Financial, a leasing agent facilitating the 
transaction between CST and Summitville. The 
existence of these events is clear and convincing proof 
that the invention in question was subject to a 
commercial offer prior to the critical date. See Pfaff, 
1 19 S.Ct, at 311 (acceptance of purchase order makes 
clear that commercial offer made); Weatherchem, 
163 F.3d at 1333 (signed pmchase agreement 
evidence of commercial offer). See also Evans 
Cooling Systems, Inc. v. General Motors Corp., 125 
F.3d 1448, 1451 (Fed Cir. 1997), cert, denied, 522 
U.S. 1115, 118 S.Ct. 1050, 140 L.Ed.2d 113 (1998) 
(discussing similar evidence of commercial offer). 

*518 Plaintiffs attempt to counter these facts by 
alleging that the sale to Summitville was an 
experimental use. To be sure, a sale of the 
flocculation method for experimentation rather than 
profit would not constitute a commercial sale for 
piuposes of applying the first prong of the Pfaff test. 
See Pfaff 119 S.Ct. at 311; Zacharin v. United 
States, 43 Fed.Cl. 185, 192 (1999). However, the 
Federal Circuit requires solid proof that the sale of an 
invention be "substantially for purposes of 
experiment," basing the existence of such a defense on 
"the objective evidence of experimentation, including 
the number of prototypes and duration of tests 
conducted, whether test records and progress reports 
were kept, the existence of a secrecy agreement, 
whether the investor received conqjensation for use of 
the invention, and the extent to which the inventor 
controlled the testing." Zacharin, 43 Fed.Cl. at 192. 
See also LaBounty Mfg., Inc. v. United States, Int'l 
Trade Comm'n, 958 F.2d 1066, 1071-74 
(Fed.Cir.1992). Here, plaintiffs have produced no 
evidence that such records and experimental protocols 
existed with respect to the Summitville sale. 

[2] The fact that the sale to Summitville was for 
commercial purposes, however, does not resolve the 



second prong of the Pfaff test, i.e., whether the 
invention was ready for patenting. [FN9] Indeed, 
material questions of fact exist as to this prong of the 
analysis. In particular, further evidence is needed to 
determine whether the product on sale before the 
critical date was the "invention later claimed" 
[FN10]~that is whether a con^arison of the claims in 
the 800 patent to the PIT System in use at Indiana, 
Pennsylvania in 1991 and sold to Summitville in 1992 
reveals that essentially the same invention or 
inventions were involved. 

FN9. At first blush, it might seem odd to 
conclude that the sale to Summitville was not 
for experimental purposes, but that it is 
unclear whether the invention was ready for 
patenting. But, the two prongs of the Pfaff 
test are not focused on the same 
phenomenon. The first prong looks, inter 
alia, to whether a prior sale was for profit, as 
opposed to experimental purposes, while the 
second prong focuses on the state of the 
invention itself Given this, it appears 
conceivable that an inventor could sell or 
lease an invention for profit prior to the time 
the invention was fully developed. Indeed, 
this theoretical possibility must exist lest the 
two prongs of the Pfaff test converge into 
one-whether the invention was for sale 
commercially. Notably, prior to Pfaff, some 
decisions had employed this single-prong 
approach in deciding whether the "on sale 
bar" applied. See, e.g., Paragon Podiatry 
Laboratory, Inc. v. KLM Laboratories, Inc., 
984 F.2d 1182, 1187 n. 5 
(Fed.Cir.l993)("[T]he thrust of the on-sale 
inquiry is whether the inventor thought he 
had a product which could be and was 
offered to customers, not whether he could 
prevail under the technicalities of reduction 
to practice"); UMC Electronics Co. v. 
United States, 816 F.2d 647, 657 
(Fed.Cir.l987)("[T]he development of the 
subject invention was far beyond mere 
conception ... and had been sufficiently 
tested to demonstrate to the satisfaction of 
the inventor that the invention as ultimately 
claimed would work for its intended 
purpose."). However, in Pfaff, the Supreme 
Court explicitly rejected this approach, 
noting that "the possibility of additional 
development after the offer for sale in these 
circumstances counsels against adoption of 
[this] rule." Pfaff, 1 19 S.Ct. at 3 12 n. 14. 

FN 10. See Scaltech, Inc. v. Retec/Tetra, 



LLC, 178 F.3d 1378, 1383 (Fed.Cir.1999). 

While defendant argues that the record is clear in this 
regard, the court does not agree, particularly when, as 
it must, it views the evidence and draws factual 
inferences favorably to the plaintiff, and especially in 
light of the clear and convincing evidence standard 
inqjosed on the defendant. Thus, for example, it is 
unclear from the record how critical the polymer 
chemistry (i.e., not only the polymers chosen, but 
when and how in the process those polymers were 
introduced) was to the success of the patented method 
and, if critical, when that chemistry was patentable. 
[FNll] Moreover, a material dispute exists as to 
whether the allegedly essential polymer chemistry was 
developed prior to the critical date, as defendant 
claims, or on or around August 5, 1992, as plaintiffs 
clainx Relatedly, *519 questions exist as to whether 
the work done by Mr. Stevenson in the weeks leading 
up to August 5, 1992, was experimentation going to 
the core of the patent or merely fine tuning. See 
Weatherchem, 163 F.3d at 1334 (invention can be 
ready for patenting, even though an inventor continues 
to "fine-tune features not claimed in the patent"). 
Along these lines, further evidence is also needed to 
determine to what extent the chemistry required to 
flocculate non-ferrous metals was different from that 
necessary to flocculate ferrous metals~the latter 
process having been employed successfully by 
plaintiffs in 1991 at the Indiana, Pennsylvania site. 
Finally, also relevant to the second prong of the Pfaff 
analysis is information concerning the nature of the 
guarantee made by the plaintiffs to Summitville—that 
is, was it a typical money-back guarantee or a 
guarantee that highlighted the fact that the polymer 
chemistry had not yet been worked out. See, e.g., 
LaBounty, 958 F.2d at 1074 (noting that a "money- 
back guarantee is a typical commercial sales provision 
and does not establish an experimental relationship 
between the parties."). 

FN 11. The Patent and Trade Office's file 
regarding the 800 Patent, which was jointly 
provided by the parties in supplementation of 
the record, adds an additional layer of 
mystery to this inquiry. From that file, it 
appears that the patent examiner initially was 
disinclined to grant the requested patent 
because he felt that the underlying chemistry 
was obvious. However, the patent examiner 
subsequently concluded that some aspect of 
the plaintiffs' use of polymers— perhaps the 
order in which aeration, neutralization, 
agitation and flocculent addition occurred- 
went beyond prior art and he thus granted the 
patent. 



The plaintiffs thus have demonstrated a number of 
issues of material fact still in dispute that prevent this 
court, at this juncture, from finding in favor of either 
party. 

m. Conclusion 

In sum, based on the foregoing, the court concludes 
that the allegations concerning the validity of the 800 
patent are not resolvable without a trial. Accordingly, 
defendant's motion for partial summary judgment is 
DENIED. 

END OF DOCUMENT 
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SUMaitville Consolidated Mining Co,, Inc. 
P.O.Box 2G 

Del Morte, Colorado, USA 811362 
Attention Mr. Bill Williams 



I hope the following information along with the drawings 
sent to you by Federal Express, 5/14/92, is the information 
you require. 

CST units are adaptable to alternate energy, oxidation and 
chemical inputs to treat and dewater most waste wefter 
discharges of acidic or alkaline nature. 

CST neutralisation units optimise chemical use and 
eliminates continued operator labor input. At present we 
have units in the field capable of treating raw water from . 
150 GPM to 2500 6PM. 

CST units servo automatically for changes in flow, temper* 
ature, acidity, alkalinity, heavy metals and neutralizer 
strength. All controls and sensors are interfaced with a 
programmable controller. An aerator /mixer oxidizes the 
metals and mixes the continuous process. All components are 
combined in a compact patented method to facilitate an 
Instantaneous reaction and optimize chemical consumption. 

CST units are designed and built to an owner's particular 
site and/or water quality requirements .^^^^^^^^^ 



INNOVATIve ENVIRONMENTAL TECHNOLOGIES 
P6it Office Boi 931 • McMurrav. IVnBsylvaniJ 15317 • (412) 942^79 • FAX (40) 9*1-0*36 



Dear Bill, 



Subject: Galatic/summitvllle 

C.S.T. Mobile Caustic Treatment and 
Dewater ing Systems 
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Sununitvilla Consolidated Mining Co., Inc. 
Page 2 

May 15, 1992 



The design criteria for your Reynolds ADIT site is as 
follows: 



Utilization of 50% NaOH solution at 100 GPM rav water 
and 2200 Mg/1 acidity, will be approximately 14 gallons per 
. hour respectively in the worst case scenario. 

Operational Sfiausnsft: 

Rav water shall be pumped from a holding pond to the 
CST reactor at 100 GPK. , 

Sodium Hydroxide and oxygen will then be added and 
mixed with the raw water to boost the pH instantly to 8.5 
(other pR values can be programmed) . 

Neutralized/oxidized effluent is then discharged from 
the reactor to the clarif ier/settling tank. 

Supernate from the clarif ier/settling tank is then 
discharged to the polishing tank. 

Clean supernate is then discharged from the polishing 
tank to the stream. 

When sludge buildup in the clarif ier/settling tank is 
to within 12** from the supernate discharge port the 
treatment system will be shut down and dewatering of the 
sludge will begin. 

Sludge will be pumped at approximately 2% solids to the 
rotary thickener flocculation tank where polymers will be 
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Water Quality Worst Case 



Flow 
pH 

Acidity 
Iron Fe-Hf 
Copper 
Managanese 
Zinc 



460 Mg/l 
190 Mg/1 
26 Mg/1 
34 Mg/1 



100 GPM 
2.98 



2200 Mg/1 
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added. The sludge continues thru the rotary thiclcener to 
the discharge hopper where it will be pumped or conveyed to 
a dump truck for disposal. 

The system components are as follows: 

1} One (1) truck mounted treatment system 

2} One (1) 9,000 gallon skid mounted storage tank 

3) Emergency shower 

4) Two (2) 21,000 gallon mobile clarifiers 

5) One (1) 100 GPM rotary thickener complete 

6) Polymer dosing units 

7) One (1) loading conveyer 

Summitville shall supply and maintain the following: 

1) An accessible haul road to the building 

2} one (1) 100 AMP 480 VAC 3 phase 60 HZ power source 
to within 10 feet of the MCTS 

3) Telephone line 

4) Potable water line 

5) Raw water collection pond 

6) Raw water pumping 

7) Piping or miscellaneous hoses and fittings from 
^ the raw water collection pond 

8) Chemicals (caustic and emulsion polymers) 

9) Plant service personnel • CST to train 

10) Sludge hauling and disposal D 004004 

2G140S 
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Please call me if you need any additional infornatlon. 
Very truly yours, 

Chemical Separation Technology, Inc. 




S.M. Stevenson^ 
President 

SMS/ tin 
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Sunmitville Consolidated Mining Co., Inc. 
P.O. Box 2G 

Del Norte, Colorado, USA 81132 
Attention Mr. Bill willians 
Subject: Metals Removal Reynolds AOIT 
Dear Bill, 

Per our telephone conversation yesterday, you Inquired about 
additional metal recovery at the Reynolds ADZT Site as 
follows: 



As I explained, the above metals will experience S9me co- 
precipitation with Pe and Cu. However, the extent of the 
co-precipition will have to be determined once the system 
is on site and all chemical additions and pH adjustments are 
operating properly. The first few sets of internal plant 
analyses should give us the necessary baseline to determine 
the amount of co-precipitation of these metals. 

If you need any additional information for your report, 
please contact me at your convenience. 

Very Truly Yours, 
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Mercury 

Lead 

Cadmium 



<.0001 Mg/L 
.37 Mg/L 
.25 Mg/L 
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FTTi^^rrr^ sttmtviary 

Chemical Separation Technology. Incoiporated (CST) is a water «atment service 
cnenucai , ■ Vancouver, Washington, and Pittsburgh, 

LT iS^g industries. The Company installs its high-tech acid neutrah^noo 

Sstn%,^«t;nT?sro S eT— ^ Charge problems for cUents through 
rSvS oTpriie Competitive treatment services which will allow them to achieve 
regulatory compUance and environmental recogmQon. 

CST's core business focus is to own and operate as a mmkey provider of watrr 
^pJiment se-vic-s addressing each client's particular environmental discharge 
Sm ^ do not intend to market our patented equipment for resale as a 
mS^f^cmrer CST operations are supported by principals with broad expenence in 
or^a^tion planner management, operations, engineenng. technological and 
matte' and Sso posse'ss strong expenise and contact networks m the utmry 
and mining industries. 

CST is a oatented process (United States Patem Number 4.749,497) which provides a 
uSue me'tSSl for a^tmem of acidic and metals<ontaminated leachates THe pat^ 
rcJ LntmnTnt is comorised of a cvUndrical reaction vessel with mtemal baffles, 
CST «^'"P"'="^. 'and recording equipment, an aeration motor, 

;;T"nS^ storage°^- ^The e^pment is easily scaled to ha^dle vol^ 
fljw raSs ranging from as small as ten gallons per minute to major flows of 10^ 
^ronT^'^ute For flow rates from ten to 500 gallons per minute the CST reacor 
SS iicm;r^^uipmem is portable, being either skid-mounted or i^staUed m van-^ 
^en -^e SpiL cost for a CST unit is significantly less than alternative lime base 
treatment systems. 

The CST process combines sodium hydroxide and oxygen with the ^^^^^^^ l 
StenS rlc^r to neutralize acid and precipitate metals. .Air is conanuously drawn 
So S ^ctor in the form of very fine bubbles and mixed simultaneously with 
2,ncen^S^ium hvdroxide to create localized pockets of high oxygen concentraaon 
SraSSty Use of stateK)f-the-art computerized process control mstrumentaoon 

TcJds at a constant level allowing point precipitation of metals m solution. The 

ne eff^t of t^s design is an acceleration in the oxidation and precipitation rates which 
cSl-ab^v higher than those achieved by conventional mechanical agitated, bme- 
D o^esses Sludge thickening, dewatering. clarificauon and fUtiauon -^ps, 

SeS wLs to r^imal volume in order to recover the precipitated metals for 

efficient disposal or reuse. 
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wn< on the addition of Ume or Ume-sodium carbonate to 

^°""T„r'^rr<lXt slu^v i ISxcd to promote neutralization and oxidation, 
increase the pH. The re^^i^t sm^ ^ ^^.^^ ^1^^ 

These process requires ^' ^'^'^^^ lime depends Vn the extent of solid-liquid 
preapitaaon u, <^'^.^''^°J^°^^^^ a high pH range. Generally. 

"T^ the ^"^^^^'';,^'"^pT^ ^intensive, Utilizing complex mixing. Ume 
such t^««nf^ .^fS!', ^Jslv^e Shipment. Additionally. whUe solids from Ume 
S^tcll th^^^ p eSS^^^^^^ -tis, they also produce large quandties of un- 
S^S^me wSch creaL extensive material handling requuemenu. 

^ fnr r«;T svstems are utiUtv power generation plants, coal mines 

The pnmaiy ^^^^^^J-fJ/S^^^ leaSates Lm coal-fired utility power 

and metals mines. Acid c metais^oe^g^ 

plant operaaons and fl^h as wdl ^ d ^^^.^ .^^^ 

"T;.«Id L b^ing^^c concern for the quaUty of water released to the 

c^^-.^^^^^^^^ ss;Xs s 

™ ran^rS^^A^-^^^ accelerated the demand for technological 
solutions to complex discharge problems. 

^ w t ™m,niries to orovide treatment services for unUties, coal mines and 
TTie """^ber 0 oppommaes » p o>a^ ^^^^ ^l^^l, have 

metals mines u enormous^ ^^^^on of CST equipment. Changes in the Clean Air 
ope^tions conducive to appUcanon ^ a maiority of these generation faciUties over 
r S iSfrw^^^^S^^ of th'e scrubbers will require 

^Lt^ent ^di" n!w ^Xd "ds before being discharged. In the coal minmg area 
treatment unde. new i^.^ o ^ treamient of some 

• "7 TSrl' t^^^e are S,usands of abandon^coal mire sites in all parts 

U^«d S^rfwe^^ StL Europe, where significant problems exist. The 

of the Umted States, ^!^cularly in the Western United States, operated vmually m 
me'^smimngmdusay^pamcu^y^^^^ ^^^^ 

f ""T of Ldvraidrandoned\^^ sites which, with the increase in 

are ^'^'^l^'^^l^'^'^^Tri^^r^ to address their discharge problems or ace 

required to meet the most stringent new standards. 

miiganese are precipitated in less than 10 mmutes at a nominal pH of /-3. 
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, . 1-j nroc-sses using clarincadon and belt filtration recover 

Uqmd-soUd sepamon ^^^^ ^ ^^^^^ „eats 

approxima^ly 15.^^^^^ me-ils in solution up to 6,000 mgA and 7.000 

^^^r^r^^M^cSwL, their current Pennsylvania DEQ permit aUows the 
^haX^ n'eut:^^ and discharged into a bore hole to an abandoned mine sn^Lft 
Xre^rmct^t precipitate out of solution. More recent reguUtory permitang wo,^d 
J^^Se a ^I^diud sepannon processes to recover the precipitated metals for 
shipment to an approved disposal site. 

A, «*■ rin,^ his not implemented its formal markenng program. Corporate 
marS ^^^^ f^us on n^i^ Pene-tion of the market to obtain marketshare 
Sid iS^vesSent in continued Research and Development to remain on the leadmg 
and rcmvestmeni in ^ window to achieve near-term market 

edge ^r^^'^;,!^,^"^^^^ AS time passes the market growth 

TTJ^^V^i^^^l^^o:: iLnch intense effort to ^-lop ™ 
wm iBvcu^ oarticularlv true as it relates to Superfund Sites where 

SIS Of SLUvHSS'sies U .cdvdy ^ppone. by vcy lar,. compam« 
wia Wenl CCBTimeni fundmg. Achieving rapid martet penetnnon 

oppoitunity fei susoirinj lons-tenn srowth. 

.990CSTp,«,uc.dn„tacc„.ofS^5^o„r^^^^^ For__*.sjc 

^ti t-U,"^«P«.di»«= made in «<panded engine^ing and marlcenng 



activides. 



r^T h« comDiled a ten year financial forecast, including forecasted balance sheets. 
SLtts o7^gs reLned earnings and cash flows for the period ending m the 
2000 TTi^ore^ts were developed in accordance with standards esoblished by 
STA^canfasdw^ Certified PubUc Accountants. Appropriate market and sal« 
^Lm'^Srar^r^b:^ in de^ in the forecast. B-cd o„ con^r^ve P^^^ 
Tooean the Company could achieve annual revenues and net income of milh^^^ 
aSn?2 ^on by'l995 and S523 milUon and S53 -^^^^^^^'^l^' 
SoO It is essential to note that as project umt financing is amorn2«i, cash flows 
eenerarion imFOves significandy. Another fimdamental point which impacts net 
Se a^d^Sres mention, is L Company's focus on reinvestment of cash flow in 
R^ch anrDevelopmem. Details supporting these financial forecast results are 
contained in the body of diis document. 

CST-s immediate goal is to focus on market development and accelerated financi^ 
S>U Man emerging company it recognizes the magnimde oi the impending 
Sn- Vo attain this goal. To achieve the accelerated expectations, there u 
comSunc ev dence of *e need to align its operations with a cooperative entity 
p^TsS a substantial financial and synergistic infrastnicture. While CST remains 
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neuble ifl analyzing various approaches, we continue to bdieve the most solid 
framework for implementing mutually beneficial objectives, is by offering an ^mty 
position to an entity which has compatible characteristics. Hiese positive attributes 
would include: visionary and aggressive attitude surrounding business approach; skill 
sets which compUment the elements where CST requires enhancement; and the 
financial strength to make a substantial capital investment Business experience 
indicates the probability for success improves dramatically when all participants have a 
vested equity interest and are committed to the future success of the company. 

We beUeve CST has an extremely bright fiiture in the environmental water treatment 
business The initial response to our technology and business approach has been 
exceedin'giy positive. Our primary objective is to establish a financial and operational 
infrastructure relationship which is commensurate with our aggressive strategic plan. 
This will provide the Company the ability to quickly become a proactive force m the 
environmental water treatment marketplace. 
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Copy No. provided to 



Confidentiality of Information - This prospectus document is for your 
confidential use only. It is being submitted to prospective mvestor or 
sSieholders of Chemical Separation Technology. Inc.. solely for your 
confidential use. with the express understanding that, without the pnor wntaai 
Snnisln of dhemical Separation Technology. Inc.. you wm not release this 
Sent or discuss the information contained herein or make reproductions of 
of^ tSus document for any purpose other than evaluaong the potena^ 
opponuniry associated with becoming an investor or shareholder m the 
Company. 

A prospective investor or shareholder, by accepting delivcnr of this document 
agiL w promptly return to Chemical Separation T«:hndogy. Inc.. Uus 
SS^ent L any other documents or information furnished if the Prosp«:tive 
bi^estor or shareholder does not elect to become a contnbutmg mvestor or 
shareholder in Chemical Separation Technology, Inc. 

The confidentiality agreement on the following pages is intended to be a 
mutually beneficial and protective instrument. This agreement wiU bmd boti^ 
sionato^ panies to keep confidential the seasinve techmcal and business 
information^ the other. The purpose of this agreement is » f °- Jf^ 
exchange of information which could be used to conclude a mutually 
cooperative business relationship. 
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CONFIDENTIALrrY AGREEMENT 



THIS AGREEMENT is entered into this day of June, 1991. by and 

between CHEMICAL SEPARATION TCCHNOLOGY. INC. (hereinafter "CST"). 
having an office at 9817 N.E. 54th Street, Suite 101, Vancouver. Washington 98662, 
I (hereinafter " '), having an 



office at 



WHEREAS, CST. and may desire to enter into negotiations for a 

possible joint cooperative relationship for the utilization of CST technology and to 
negotiate various business ventures between CST and ; and 

WHEREAS, during these negotiations, each party will be exposed to 
proprietary information, including technology and business plans of the other party; 
and 

WHEREAS, each party desires to enter into this agreement for the protection of 
its inventions, proprietary information and business plans from disclosure or use by the 
other party, 

NOW, THEREFORE, in consideration of the premises and for the purposes of 
facilitating the negotiations, CST and . each corporation, employees, agents 

and assigns, agree as follows: 

A. During the term of all negotiations and for a period of five (5) years 

after the conclusion of negotiations between CST and each party shall keep 

confidential and refrain from using or disclosing to others all technological information, 
proprietary information, trade secrets and business plans of the other party that is 
acquired or learned in the course of negotiations between the parties. All written 
information shaU be clearly marked proprietary by the owning party. All confidential 
conversations shall be described as such by the owning party. 
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B. This nondisclosure obUgation is not intended to prevent either party from 
making disclosures required by applicable law or by the order of any court having 
jurisdiction; provided, however, that a party intending to make a disclosure required by 
law or by a court order shall use its best efforu to provide to the other party reasonable 
written notice of such intent prior to disclosure and to cooperate with the lawful efforts 
of the other party to oppose or resist such disclosure. 

C. Upon termination of negotiations, and whether or not a joint venture or 
other agreement is reached by the parties, each party shaU return to the other all 
documents, records, notebooks and other sources containing the other party's 

Proprietary Information. 

D. If a party to this Agreement beUeves that information claimed to be 
confidential under this Agreement by the other party is not in fact confidential, it shall 
notify the other party and, prior to disclosure, shall meet with the other party and 
discuss the confidential nature of the information. 

E. No rights under this Agreement shall be assigned or transferred by either 
party without the written consent of the other party. 

F. No governmental agency or private party, including any subcontractors, 
is intended to be a third party beneficiary of any rights or obUgations under this 
Agreement. 

G. This Agreement shaU be construed under the laws of the State of Idaho. 
Exclusive venue for any claims arising under this Agreemem shall be in the appropriate 

court in Boise, Idaho. 

H. Each party acknowledges that disclosure of Proprietary Information 
v.ould cause irreparable harm to the other party, and agrees that the obUgations of this 
Agreement may enforced by an injunction or order of specific performance, and that a 
party harmed by such disclosure shall be entitled to damages and all other remedies 
allowed by law. 
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I. The terms of this ConfidentiaUty Agreement shall be considered to be a 
pan of each and every agreement that may be entered into between the parties unless 
expressly waived by the parties. 



CHEMICAL SEPARATION 
TECHNOLOGY, INC. 

By_ 

Its . 



By. 
Its 



STATE OF — )^ 

)ss. 

Couacy of ^ 

day of • • before me, the undersigned, a 

un uas — -7 — — commissioned and sworn. 

Notary PubUc in ad for the Sta« of '"^ STto me to be the 

pcrsonaUy appealed of CHEMICA L SEPARATION TECHNOLOGY. INC.. the 

cotrontioii that executed the foregoing lastn ineat. and acknowledged the said instniment to be 
Sd^S^iiT^t and deed of «d corporanon. for the use, and purpo« therem mentioned. «id on o«h 
Se S^STis^riSTto execute Z said instnunent and that the seal affixed is the corporate seal of 

said corporation. 

WTTNESS my hand and official seal her«o affixed the day and year in this certificate above 



written. 



Notary Public in and for 

the State of:_ 

Residing at:_ 



My Commission expires: _ 
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STATE OF 
County of _ 



) 



On this day of • ^ • vnAtaivi^ * 

Nocaxy PubUc iB^d for 0^ Sux. of ' ^TTtt 

V*^^y *P P^ of r'thecorpoiadon that executed 

the foitaoiMinstnmjeat, ami ackmwledged the said 

uses «ui 

to execute the said instiuinenl and that the seal al&ed is the coiponte 

WITNESS my hand and official seal hereto affixed the day and year in this certificate above 

written. 



Notary Public ia and for 

the State of. 

Residing at: , 

My Cominission expixcs: 
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T^nnucTTON 



What is CST 

Chemical Separation Technology. Incorpora^l (CST) is an Id^o Corporation 
offi^ 10^ in Vancouver. Washington, and Pittsburgh. Pennsylvania^ CST 
Sro^^ iSh-tech acid neutralization and waste water treatment services to utility 
SSes L^d the metals and coal mining indusny. The Company mstafls m 
SSfunits on cUeots sites to process acidic discharge contarmi^^J.^ me^ 
s^ded in solution. The patented treamient umts feamre computer controlled causae 
SStion inTspecially designed reactor vessel. The portable umts are «sily 
Z^'ch" esS attxaSve for remote discharge -^-P^gf, ~ 
Laraer units are installed in either temporary or permanent fiurdities The process 
^SmenTp^^ces an effluent which meets EPA discharge s«ndards. Site hydrolo^c 
^Soa. waste water testing and process design engineenng services are also 
offered by the company. 

Mission Statement and Goals 

The CST mission is to resolve enviromnental discharge problems for cUentt by 
^viSI pT competitive treatment services which wiU allow them to achieve 
regulatory compliance and environmental recogmtion. 

To implement the Company's Mission Statement our operative goals are as foUows: 

o Provide safe, efficient and cost effective services which fuUy satisfies 
customer requirements 

0 Focus near term efforts on rapid market penetration in the utility, coal 
mining and metals mining industries which will gain a sigmficant market 
share in this emerging maricBq)lace. 

0 Position the Company to achieve continued growth through research and 
development into new market appUcations for the CST process. 

0 Execute business activities in a profitable manner which will promote Uie 
financial health of the Company, provide a stable work environment for 
employees and maximize renim on investment for shareholders. 

0 Become a recognized environmental leader and respected corporate 
citizen through the development of 'Innovative Envuonmental 
Technologies". 
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Corporate Structure 



Personnel Summaries 



CST ^dpa. ..V. broad 

« SpSonal s-mtnaries of the profesrionab who are the core itrensth of CST s 

business expertise. 

0 Steven L. Thonon, President - Mr. THorson's extensive business 
management and consulting expertise includes experience m utihty 
TomSnies, government agencies and private mdustry. Hh consulting 
toowledW ^d experience includes direct applications m the following 
areas- st^tegic planning; management audits and analysis; organizaaonal 
restrucwring; reorganization advisory counseling; operaoons 
improvement; and financial forecasting, budgeting and analysis 1^ 
Thorson has developed and implemented a number of computerized 
models which analyze and forecast appropriate management 
methodologies in replacement analysis, budgenng, financing, resource 
SScation and merger/acquisitions. He was fonnerly a Semor 
Management Consultant with the firm of Dclome & Touche. His 
business activities and consulting assignments have provided him a broad 
knowledge and understanding of the utility industry and afforded him the 
opponui^tv to achieve a strong personal network within the industry. 
Mr Thor^n holds a Bachelor of Science Degree in Finance from the 
University of Utah. 

0 RusseU P Wischow, Director - Dr. Wischow has been responsible for 
the development and construction of utility power generation projects 
and operation and maintenance of major non-regulated independent 
oower projects. Most recenUv he was the President and CEO of PG&E 
Operating Ser/ices. a non-regulated subsidiary of Pacific Gas and 
HKtric Company which provided operating and maintenance services to 
the independent power industry. He was the first Director of the 
USAEC Division of Nuclear Materials Safeguards and was Director of 
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research and Development for a spent nuclear fuels reprocessing plant 
which managed the International Atomic Energy Agency sponsored 
program to develop international inspection of nuclear fuels reprocessing 
plants He is a member of various professional societies, holds several 
patents and has presented papers at national meetings. Dr. ^iscnow 
holds a PhD in Chemistry from VanderbUt University. 

S M Stevenson, Vice President OperaUons - Mr. Stevenson has 
tienty ei-hi years of highly diversified experience in the industrial and 
commercul sector. He is highly qualified in administraave and project 
management, design and construction coordination and has strong 
educational background and experience in all leveb of management. He 
is one of the original founders of CST and was mstrumental m 
development of the technology and the CST patent 

John J. LeFever, Project Manager - Mr. LeFever is a minerals 
engineer with 14 vears of experience in mine design, engineering 
eeoloev projects evaluation, engineering development, and exploraaon 
of pr«ious metals, base metals, oU shale, coal, lignite, and salt. As a 
project manager, he has experience in project budgeting, control and 
accounting. poUcy and personnel, as weU as in taking a new project 
from raw prospea through the phases of financial jusoficaiion and board 
approval, mining and geological evaluation, detailed engmeenng, 
dSelopment, and permit approval. Mr. LeFever's background mcludes 
six ywrs of experience in computerized geostanstical analysis, ore 
reser/e estimation, mine planning, and cost estimating of open pit 
precious metals deposits. Mr. LeFever holds a B.S. degree m 
Geological Engineering from Montana Tech. 



Description of Process 

The CST process is currenUy used to treat leachates in commercial operations at a coal- 
^i.?^ as^ disposal site and a coal refuse site in Western Pennsylvama. 
SSum hydroxide and ox^en are combined with the leachate in a patented reactor to 
Sitate metals and neutralize acid. Liquid-solid sepaianon processes are mcluded at 
K^Sant site to recover the precipitated metals for disposal The CST process 
SfS S>m other waste water treatment systems in that air. which u continuously 
to^ STthe reactor in the form of very fine bubbles, and concentrated sodium 
t^^^c, It mixed simultaneously to create localized pockets ot »ugh oxygen 
con^tiation and alkalinit)-. The net effect of this design is an acceleraaon m the 
oS" and precipitation rates which are considerably higher than those achieved by 
~ n" m'echLal agitated, Ume-based processes. Through the -^^^ s^-o^- 
the-aiT computerized process control instrumentauon. the pH can be held at a cons^t 



Page 13 



CST 0135 



level allowing point precipitation of metals in solution. Reacants other than sodium 
hydroxide and oxygen, such as soda ash, permanganate, hypochlonte, peroxide and 
ozone can be incorporated in the CST process for specific removal of contaminants. 
The CST process is for less capital intensive than the traditional lime treatment plants. 
Additionally, our process does not create substantial material handling problems 
inherent with the creation of vast amounts of gypsum in lime-based systems. 



CST Service Business Concept 

CST's core business focus is to operate as a turnkey water treatment service company. 
We do not intend to market our patented equipment as a manufacnirer, but rather 
implement, own and operate the plants as a water treatment service which specifically 
addresses each client's particular environmental discharge problems. This busmess 
strategy will allow CST to protect its technology from potential patent infringement m 
the n«r term and provide the framework for long term profitability as project financing 
is amortized and continued revenues become a profit contnbuuon. This is 
fundamentally a different approach from that offered by our compeoaon, which 
eenerallv prescribes a traditional engineering approach requiring construction of capital 
bitensivi lime treatment facilities. We have received a positive response to our service 
business a)proach from cUents who require contaminated water treatment. The concept 
of a client being able to solve significant discharge problems without a considerable up 
front capital expendinire is very attractive. 
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Detail Description of Process 

An increasing concern for the quality of ihe water released to the f 
Z development of the patented CST process and equipment. Aadic and metals- 
SL^g effluents from co2 and metals nrunes and from coal-fiied unlxty power plant 
coal and flyash deposits will severely degrade streams, nvers or hkes unless rem«lial 
acdo^are taken The cuixenUy proposed Qean Water A« Reauthonzaaon Bills 
Sore ingress will mandate correcave actions and potentudly moease civil and 
criminal pen^ for non-compUance with the Clean Water Act standards. 

The equipment is comprised of a cylindrical reaction vessel with internal baffles, 
compmer-controlled pH monitoring and recording equipment, an aeranon mowr 
p^g and chemical storage tanks. Sludge thickening. ^^^1^"^^^^^^^ 
Luipment or clarifiers reduces the soUd wastes to ttie numma^ volume for eificiem 
Ssposal. The equipment is easily scaled to handle the volume flowrate of the 
individual problem, raging from as small as ten gallons per minute to "^^jor flows of 
XoOO ganons per minute. Larger flows can be handled with mulnple toj,e 
flowrates required. The CST reactor and ancillary equipment is portable, eiOier with 
sld^oLS or on flatbed trailers, for the flowrates from ten to 500 gallons per 
nSnute; permanent equipmem can be installed either within buildings or outside, 
depending upon the individual requirements. 

•me CST process shown in FIGURE 2 on the following page, recdves addic leachate 
from coal, flyash or metals mines containing metallic constituents which are fed to the 
CST reactor where sodium hydroxide is simultaneously and vigorously mixed with air 
to create localized high concsntradons of neutralizing and oxidizing condiaons . As a 
result the reaction times are markedly reduced, thereby eliminating large settling ponds 
and l^el areas which are generally not available, particulariy in mountainous areas. 
Through the use of state^f-the-an computerized process control mstrumentation, the 
oH is held at a constant level allowing the point precipitation of the metals m solution. 
The CST process is much less capital intensive than the traditional Ume treatment plants 
and does not create substantial waste disposal problems that are mherent with the 
disposal of vast amounts of un-reacajd Ume with soUds from the lime-based systems. 

Acidic leachate of about 230 gallons per minute from an eastern coal-fired power plant 
flyash disposal site is being treated with a CST facility to provide water effluents 
meerinc ^A standards for release to surface waters and a sludge that is suitable for 
dispos^ in the utility's disposal field. T.^BLZ 1 illustrates the results that are routinely 
achieved Although the water is not immediately suitable for dnnldng purposes, it is 
acceptable for industrial use or discharge to the local watershed. Greater than 99% of 
the iron and 94% of the manganese are precipitated in less than ten minutes at a routine 
pH of 7 to 8. 



Pase 15 

CST 0138 



V 



TYPICAL CST RAW WATER/SOUDS 
MANAGEMENT SYSTEM FLOW DIAGRAM 



POLYHEH 



RAW WATEH 
SOURCE 



0^ AHtATION 
f.iftXNG 



CLAHIFIEH 



POUSHING 
POND 




i 

OUTFfl 



ADVANTAGES OF THE CST SYSTEM 



Effective and Efficient 

- Rapid Precipitation 

• Instantaneous Reaction 

- Precise pK Control 

- Optimum Use of Chennicals 

- Measurable and Documented Results 

- Constant System Monitoring and Repordng 

- Monitored and Controlled Remotely 

- Mee*^ All EPA NPDES Discharge Regulations 



Sensible and Economical 

- Modular System Construcaon-Quick Installation 

- Service Contract 

No Capital Investment 

No Labor Problems 
. Small Site Area Required 
. No Multiple. Large Holding Basins 

- Efficient Sludge Removal and Disposal 
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Flocculation, dcwatering and belt-filwdon recovers about 15.000 pounds or «)hd 
dav The facility is sized so that it can routinely accept and process higher level 
Scursiont of add and metal concentrations up to about 6000 and 7000 mgAiter. 
^tivelY Combining the specific plant process designs with mstrumentaaon 
c^ls provides the CST process with a wide range of flexibility to handle changing 
flow rates, pH balance, contained metals and acidity levels. 





Efflusiu 


230 




2.9 


7.1 


1,687 


<1 


17 


<1 


114 


17 


4,040 


0 


1,870 


12 



Percent 
Removal 



Flow, US gpm 

1 fiR7 <i 99.9 

Iron,mg/l 1.687 <1 

Manganese, mg/l 35 q 

Aluminum, mgA 
Acidity, mg C03/1 
TSS, mgA 

Further reduction in the aluminum and other trace metals such asj copper, zinc, lead 
Ld ma<J^um is achievable by controUed pH and oxidaoon modifi^aons using the 
St pr^s Otier treatment steps, including Ume-soda ash softemng (to meet 
Sdn^slSiiremL). removal of organics (by carbon adsorption), tuxbidity control 
^Tcragu^tion and ffltration). and disinfection (by chlorjiation), can be ^ded to 
improv- water quality that will potentially comply with dnntang water- standards. 



Patent Discussion 

The CST Patent (United States Patent Number 4.749,497) provides a new method to 
S^t aSiiVS^d metals-contaniinated leachates from utiUty plants, coal mines and 
m^Ils^es^hich produces treated water that meets EPA Stanc^ ,f 
Se environment, lie contained metals are precipitated and dewatered to permit 
S!cl^ tHwroved disposal sites or for recycle of the contained metals. TTus umque 
tS^develops a contSuous stream, mobUe treatment system that caneconomi«Uy 
S^^ow S)m 10 to 1,000 GPM, or when grouped from 1 000 to 10.(X» GPM. TT.e 
combination of reaction geometry and control systems estabUsh the °P^""» !f 

neutralization chemical and oxidant addition to achieve a one to one stoiaametr^c 
Tcdon. The Proportional Integral Differential (PID) control system c~^^ 
J^ds the chemical Reaction pH, which allows execunon of precise mstantaneous 
^oi ll pH fluctuations m a very narrow band. Radio and telephone telemetry 
motors r^uired fail safe points in the process which allows the system to be operated 
SmmeW ^thout the need for continuous on-site labor suppon. Additional down 
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«T^,ni nrcx:-sses have been developed and tested which separate and dewater oxide 
S o"Tdr»lid- Proc^V^-ts for this advanced technology are bemg 
apphi ?or at the present dme. A copy of the patent document is provided m the 
Appendix secnon of this document. 



Competitive Processes 

Processes which focus on the addition of Ume have been the conventional treatment of 
taS Sc streams and discharge sources. Addition of lime or lime-sodium 
^"afe the pH and the resultant slurry b mixed to promote neutrakraaon 

S^oSL^n ^nerally, such treatment facilities are very capital mtensrve utJmng 
^r^^^inc lime slkinc and other labor intensive equipment. This process 

Insetting biSTo; ponds to permit the mixing and slow precipitation to 
^r^So with lime depends on the extent of solid-Uquid mixing ^d the 

JL^vitv of tSe Ume which is a function of panicle size, slakmg and the mterference 
^Sm «Sonate formed by the absorpdon of carbon dioxide.. . Lime processes 

««ivThiah t3H ran^e in that a pH near neutral cannot be mamtained with the 
P'?^r ^^l^fn of Tm'e ^± watW. SoUds from Ume processes include the 
t quanddes of un-reacted Ume which requires' 

extensive material handUng requirements. 

Sodium hydroxide is not generally used to neutraUze acid and precipitate me^ls in a 
SOGium nyo'^o ° ment process. This is because it retams most of the 

r^^t«~t X^^^L such as high capital cost and the requirement for 
S^^Udfse^ basins. While the chemistry is not new. o-i^r processes u^g 
^uiThydroxide have not been commercially demonstrated or perfect«i Uke the CST 
wlSh s in full commercial operation. Compenaon from emergmg 
could increase as CST successfully penetrates the marketplace and 
generally increases its market share. 

Compliance with EPA Discharge Standards 

An increasing concern for the quaUty of the water released to the ^^^^^^^^^ 
Z developtnent of the patented CST process and equipment. Acidic and meols- 
SLSg tchai from coal and metals mines and from coal-fired uaU^ P-jr pj^t 
coal ^d flyash deposits will severely degrade streams, nvers or lakes with iron, 
^.ZLl^L^^^r^icss remedial actions are taken. The currently proi-ed Clean 
wTter Act Reauthorization Bills before Congress will mandate ,<:°"«=^^.«^^^*=^;°"L.^ 
poltially increase civil and criminal penalties for non-comphance with the Qean 
Water Ac: Sundards. 
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The CST process fuUy meets the EPA standards for discharge of industrial water to the 
environment Current Pennsylvania discharge standards for iron and manganese are 4 
ppm and 2 ppm. respectively with a pH range of 6 to 8. Hie CST treated water 
contains less than 1 ppm of either iron or manganese and has a pH range of 7 to 7.5. 
Other states are developing discharge standards which are expected to be similar to 
Pennsylvania for industrial water and follow EPA standards for drinking water. 



Significant Provisiops Clean Water Act 

Senate Bill 1081 and House Bills 2029. 1330. 251. 404. and 2400. if authorized, would 
result in more restrictive effluent Umitations and will require more extensive poUunon 
prevention efforts. Key aspects of these bills would: 

o Require appUcations of the "Best Available Control Technology (BACT 
or BAT) to all pollutants. 

o Require sources to utilize techniques for pollution prevention and waste 
reduction. 

o Prohibit or limit the release of pollutants to environmental media, 
including ground water, to the extent such is economically and 
technologically feasible. 

0 Require states to adopt administrative civil penalty provisions similar to 
the EPA under the Qean Water Act and increase civil and criminal 
penalties for noncompUance. Mandatory environmental audits would be 
required prior to permit renewals. 
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[57] ABSTRACT 

A piiooea of tieadaf industrial waste water oosdami- 
nated with eoviroBnestaDy oaacoeptabie amounts of 
sQlfoxic acal and heavy meiab soch as lead, copper or 
2tnc b disdoaed which pennits lowering of die conoen- 
tiatkxi of die cootaonaants to a levd pennittiqg ifia> 
charge to die sewer. Waste water resulting fiom floor 
wash aad spray wastaog oTkad acid batteries prior to 
shipjueat from die nanofactarnig facSity contains soffi- 
ck&t salfbric add to erase the pH to nonnaOy be at a 
levd of about 2 ahmg widi heavy metal o on t amin aats 
present m ooooeatxatians ^K^liich require treatment for 
removil before die discharge water wiD meet EPA 
standanb. The water to be treated is directed to a first 
reactioa and settfing vessel where calcann carbonate is 
ad d ed akn^ widi aa oxidation medium such as air 
wtudi also ftmctiaBS to stk die stored waste water. 
SnfiBdent caldsm carbonate is added to bring the pH of 
diesohitidn to abvelctfabout 5find at the same time 
react with the heavy metals present such as kad copper 
or nna Oslcimn sol&fe and i e ^)ectiv e heavy xMtal 
carbouates pnxipilate and settle to die bottom of die 
treatment zone where diey may be reacfily removed. In 
a second treatuKstf vessel, caldnm fttydnnMle aloog 
widi eiHH^gli <inViuni carbonate to nwdiitain an nccis of. 
caiboosse ion are . added to complete sepaxatioo of the 
lieavy metal& Final removal of pcecq^tate from the 
sotlulion is aocornpfidied thiou£|i a suitable fihcr^ 
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1 2 

low lad oo pc ca tra tioo. Id thb i wooed ure , the lead is 
BATTERY PLANT WASTE WATKR TREATMENT predpitited as Ibe carbonate at a pH abcyvc 7. 

PROCSSS IIa^itala»eCaL iByaiDnie ll, Xssue Na Itf 

et teq. 0977) of Water Rescarcfa (Xaldnm Garboaate 
BACKCHU>UND OF THE INVENTION 5 m the Rcsaoyal of In» and Lead From Dflute Waste 

1. FkIdofti« Inveiitioo WateQ la&ate titti cakinm caibonate has to 
TTMmventwn relates to a process treating ^ tnaaamt ci bM v^doc wwim utd guti 

trial waste water containiBgooiitaniiiiaiitsmtb^ Bqnoit at pH leveb of 8 or inoie. However, preoprta- 

oTsalfarfcacidairfheavyBietrfssoch asJ^ ti<a of farfc hydroiide is beBevcd t o faterfe re wtth 

tad to lowtf ooncentratioo rfsoch amtaxm- "ttfing of caldnm sUfate and lettS cartOBate. THe 
oants to a level perimttnigdMiargeorthe waste water Haotala. el aL process does not provide a treated waste 
to tbeaewcr. water ii^iidi will satiilycnrrent EPA sewer discfan^e 

Tteprocessbasparticalariitility in the treatment of reguladona. 
waste water resulting from the wasliii« of lead acid „ Hoak, et aL in Vdmne 37, Issue Na 6, Industrial and 
batteries and plant floors causmg &e water to contain Eagmeering Oiemistry, Jane W5 at pages 553» et seq. 
itsdnal qQantitiesor sQlfnricacid^ ("I^reatmcnt of Spent KckBog Liquors with Limestone 

entsprismffily made i^oflead and copper. and LzEne^descr&e a proc« of treating q>entpickfing 

Use of the pcocess permits recycling of tzcated water Bqoor wifli Kmcstone and Kmc. Quick Bme (CaO) was 
bac^ to the plant washfa^ process thus lowering the » used to devate the pH to the alkafine side before air was 
miyryn /y^fffifl nftate rf Afe hflttgry paanL Water added to achieve rarwd oi^atiop- 
i^lodi is peikxlkany disdiargedto tfae sew^ SUMMARY OF THE INVENTION 

and levels far bciow those permitted m govern- 

modal regidatioQS. Waste watisr resohing from washing the eiterior 

2. Descrq)don of tfie Prior Aft snrfiuxs of kad ack) batteries and from wadnng the 
Tlte assignee of this iqyp&c^ion has long operated a pln^ floor is stmd aiMl y/lm a suitable quantity 

lead.acid battoy plant During tiie n^ufactare of lead ttttreof is colle ct ed , it is directed into a oom hinali o n 
acalstmge batteries, it has been oonvcoticmal for soine reaction and sfsttling vessel i»toein calourD caibouate 
timg to suq>CDd tie batteries from a conveyor fine for ismetered into the waste water to m ai ntain a pH of 
panage diroo^ a water qpcay deaamg systeni. Water ^ abont 5. Air is hitr o dn cfd into the waste water in the 
is ^xayed oato the t rn ttr pr* to flxmraghly dean the reaction vcasd for the dual porpoae of agitatiiig flie 
exterior snr&ce of eadi hottery. Tlie qxait water is sotution and assuring mtiinateadmizture of the caldnm 
collected throng floor draiss and directed to a storage carbonate and water sofation, and to oiidhe iron pres- 
area. I^>Ikywii^ washing of die battery cases, the batter- ent die waste water to ferric oside predintate. Ga^ 
ies are generally dried with pr e ssor n e d. air. A large 35 dnm soi&te and leadL topper^ zinc and other heavy 
innoomaf wastewater also COOKS from wadung down., naetal carbocates tfaot formed setfle oct upon stamfing 
tiie flooo in the plant the solntkm arid may be removed from the treatment 

The waste water.from the lead add battery wash and veraei 
plant floor wasfair^ cannot be reosed in the manufr^ TTie Bquid is <firected to a suitable bold tank and dicn 
turix^ process in part becanse iron in the waste water is 40 inttodnoed into a final treatment vessd where tiie soln- 
ddleterkm to battery fife, and the falg^ addity and lead tion is mechanical^ agitated and a stoy of abom 
odoteot preciode discharge dSract to a sewer wither by weight of nuxed limes (20% caldvmcarboiate and 
sdljectix)^ fhib water 4o a treatment opentioa. In the S0% caldnm hydroside) is added. Agam, predp il a les 
past, die assignee hereof has employed a mixture of are aSowed to setHe out with tibe clarified solntiGn 
sodium hydroxide and sodiam solfide to remove leal 45 beit^ifirected overhead and tiicnpassedidiroii^ 
frrww ffif water- Stmm tiMy efiqg flf the confmi- filter Ip cflfact final tcmoval of a rn»«iiing solids from 
intedwa3erwBScarTkdoat,botbid]diq> of aaodtai the water; wbkb is then in condition fbr recydtng to 
sulGatesahptcventedcffBCtrvense ofthe treatineot 00 die plant wash water ayfitem. 

aisTS^TwiSSSeJmS^ BIUBPnESCRIiaiONaPTHBDIUWW^^^ 
file waste water per miOSott poimds of lead Qsed per FKI lis a spjiftnatiRdiayam of a preferred laooess 

ittonth in order to pendt da^ar^e crf' the waste water for carry^oin tfie inveatkm iKseof and ilhistata 

faito ifae sewer. : diagraxxnnatic form various ^eces of equi pm en t which 

b has been satfested in *T)evd<^nnent Document may be advantagednsty en^iloyed to practioe flie pro- 

for Timf**<vi« Gnirirltnes and Standards for 33 Ccas; 

the Battery Mann^tfturix^ Bohit Sootce Cat^ory", FIO. 3 is aa enlarsed fragmentary view of the first 

October 19^ EPA 44Q/l-S2/DS7-biU^ EovironnK^ treatment tank on a scmiewhat cnlargBd scak ilhstrat^ 

talProtectiooAgeDcyttlalsocfinm faydroxide.be added ingtlMcnffitroctioiiof apieferred veselandlliemaa- 

to the wEste water to be treated -and die resulting tier in^^rtddi fiqpaid and gas are caused .10 inflow and ' 

Fb(OH)2 allowed ibs^fle for removal Pb(OH)i has a 60 fiqmd n allowed to outflow therefrom; 

mi nimum tolublfi^ poiut oo its scrfubility coTve St pH . FKS. 3 is a horigohta l croesHsectkmal ^ncw taken 

9J.Tfaus»fliedisdiargetO8ewerdKnldbe9 to l0 and sirfyiiwitiaTly along die fine 3—5 of FIO. 3^ 
neverbdow S.Bddw.pH8,dK&olnbifity afFKOH^ Fia 4 is as edaxgrd fragmentary view of die final 

mh tw fiMw»riyg rtw^ <««gWgfc l i ^iii i ftiii flnim vmAA Imi treatfli B Bt tank <gain illnstrating the oonstrDCtioo of a 

vety££Gcidt 65 preferred vcsaei and d»e man ner fa w hidi liqnid is 

Tlie<tevek)pmeBldocomentateode8cdbesaitttt^ cassed to inflow and ontflow fheiefroai; 
ofnsing soda ash (N^OQi} andean^ Fia S b a horsontal view looldng downwardly on 

treat die waste wtat no rocycSng Is reqnirBd to 9ve theopen top voad ofFIO.4; 
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FI0.6i8adqxctknofsiiitabkfk)W(firectk»pip^ Waste water coOgctcd fran die lead add battcfy 

for the HqnklstftaiiistntrDdooed into the vessel of p!AmwB^Iixiessitoiedmsiii9>10wliichhasanoiitlet 

2; and lin^ 12 kadmg to common npply line 14. Pump 16 is 

FIG. 7 is a grfrr^***^ Sfantxatios of die solids filter interposed in liae 12 acUacent waap 10. A calctua car* 

used inassodatto&wkhdKfisaltraUment tankofFIG. 5 boztatednrry task 18 is Joined to siipply fine 14 throng 

4. tlie provision cf a fine 20 having a pan^ 22 therda. 

- As is best seen in FIG. 4 so^iply line 14 includes an 

DETA TT^KD DESCRITIION OF THE onter jipe 24 wUdi eztettb throogh tlie cyGndiscal 

PREFERRED EMBODIMENT waD sectkui 26of gcacraDycoiikal first treatroe^ 

In a typical lead add tvttery plant which has a total 10 28. Line U is oio^ dimlJbr to pipe 24 whQe pipe 20 

lead twpnt of approxisBtely 1,000^000 pounds per eitends into the interksr of pqw 24 and k coaxial wsdi 

mcMith, current EPA regaiatioos limit the waste water the latter in spaced r rtotinnrfiy fiPDm the interior wall of 

discharge to sewer contaminants toai5B>. of lead and ^ letter to define a q^ndrical passage around the 

a76 lb. copper per month. If5a000n».oflead per day pcr^hery of pqie 20. Line » terminates w ito ^ 

is consomed, the daflyfisat of lead.and copper in waste ^ mteriorof treatment tank 21 at the mnerinost extremity 

water to lewer would be no more than a016 lb. of lead of|^pc24. 
and a072 lb. of copper. Cnntat EPA regulations are 

generally based <m the total amount <^ r ^ f«n^ u ^nt^ « tlie zone oi merger of q^mflncaise rtKHi 2 6 wit a tae 
disdiarged over a selected period of time mul not thdr 

conccntratkm in the waste stream. Oompfiancc is dclerw» ?J ~^ 

minedbymeasarmgthec^ SS^S£ « S^SSS^.^^^ 

the waste stream and mohmlymg It by the waste stream ZZZ-tTj- ~r y^. ^^^ ^ 7^ ^^v T^^ 

voWNewregulatkmsflierebycncooragefliefedoc^ S^Tj^^S!^^ 

tion^wastestrc^vohna^ JiSlfStTSrS^ 

of 1.28 ppm m the waste yearn, only IfOO^Domof toS^SaSir^^ 

warte water ccjdd be air into the body of liqdd c«3t in tank 28. TTie 

However, at 0.2 Plan of kadmthejra^^ lowcnnost end rfair to 38 terminates fa a tec having 

^"^."^i^!?!^ aseriesofopcni«smthehoriiontalportk»the«l^ 

tliejsewermaZ4hOTrpcno(t. ^ 30 ddivery <rf air in bobble fim into d»e interior of tibe 

The pn>cess of this mvaitKm produce tank 2a An Dpi«fat baffle 42 (see FIGS. 1^ witfafa 

discharge to sewer cantMBrngtefflian 0.2 Rmi of le«l tank » and c^ndricri sectkm 25 in Wsectmg 

aBd aneven lesser am^ of eopp«. TTifccompares reiatkmdnp totfc^ jdaed to the mi^^ 
wiA pnor processes whidi gave a soluble lead conoen- ^ top»rtJon m and pnoeds downwardly 
trationm the wastewater^ above 10 and to a certam ^ tank a cfistance soowhat below the to wex circular Boe 
extent were erratic and wqwcdictahie. definedby die bottom of cyfiadricalsectioD 25. Air fine 

MesaIo(»itaiidiums are prcdpitated as carbonate and jts #>Ttii^ mto t»^>v «i tKrr«gfc ^pi^^ ^KoU *i>f> 
carbooate-hydraxide basic sahs. Utt solids are sepa- same ride of baffle 42 as saajp^y fine 14 (see FIGS. 2 and 
rated by fihraticm and soa to a landfiO. It is a featore of 

this process diatjaxcipitalkmcrfthcse salts is ^e^ 40 Line 44 joined to c)«ndrical section 25 of first treat- 
a pH yalnelower than ^ose mdicated to be feasatle m |^ 28 and conxBmmcatmg with the mtcrior 

. the prior art Fredpitation of leed» copper and zinc thencf^kads to a holding ta^ 45. A feed fine 48 joins 
carbonate salts have been found to occm at a pH as low die lower end ofhoIcfi^gtHik 45 widi mi open top final 
as 4^ to 5.0. The carbonates thus precqntated at a pH f^ *M i i^ ^ 3 f { tmtA fatoKlly 50. A defivexy pomp 

bdow 7 are less sdoUe dian lead, copper and ssac 45 ^i8faiterposediB&edfiBB4111iecyfindricalBdewan 
hydroxide ^teh are pm#^^at a pH above 7. As a 52 of tank SO tenninates at die lower peiipheial edge 
result, the removal oflead copper and zxnc salts is more fiM>w>nf m y fU»TUru» r^rmt^hrmrmn m u if^^-^^MKu^^^ tp**- 
effidenturingacarbcoatesy^emthanisdiecaaewbeD tor 55 piovkU fa tmk 58 fbr stinfag Ibe oooteote 

rdiance is placed on prec^pitatkm of die m^ab as fay- fhereoC line S( . ■■■ ' ■r^t W j vidi ^ final txcat> 

dioxides d)ovepH 7, as ia the processes of die prior art SD ment tank 50 at die bocttaa of ooaucal section 54aad 
and paiticdar^, die EPA referenced mediods. Itkabo provided widi a pump 5S fliacfa kads to a sofids le- 
a -feature of this process diat trace amomiCs of im are moval fine 50 connected to dx lower ccmicalsectioo 34 
removed by Qiaigiag air into die treatment vessd to oftreatmenttaid:28.Line5Dh»apan)p53diereinand 
pr e cipita te the iron at Fea03- Precy it at io n of the iron terminates m <firecl ovexiyii^ idadomfaip to a sotfids 
by oxidation widi air may readily be aocompfished ss filter broadly designated 51 

widKiotadvetsdy affecting removal of lead, copper an^ As depicted schematicslly in FIG. % the solids filter 
rinc as carbonates in an adtfic mrdnnni Fortfaermore, 5i indndes naderiyia^ n jfc ^Hrtt o m PqpW collector 
removal of the iron as f enic oxide at diis point m the 65 which receives an «tfng« bdt conveyor 58 vAich 
process avoids fnmation of a gelaliiiODS, difiScohy fil- i;iiji| iQ m a rfigpnMiMf fa ti if pa| tfymTlm«, 1^ 
terabk iron pr edpitatf sAadh takes place above pR 7 a) ited onto the filter pi^er wpf CTl wl by conveyor 5B are 
and that would dog a fitter used to remove the precqa- directed into the m ^X ^ U *^ 72 is^dle fiqnid <'«>*««»g 
tales. through the filter pqteriiietmimd to oo^fiiie 12 via 

Ifemga UOOQ,000 pooid per month lead ittiKratinn ]ine74havingapmi9 TSthema 
lead acki battery plaist as a eumplary standard, the Feed tank 78 for a sfanry of calctem carbonate and 
present UMthod treats 1^ s^Doos a day of waste 55 caldnmhydroxidehasadcfiraiy fine 80 joined to (he 
water from the battery waA operatkm to be pro ces s ed lower end diereof^irindi&eftimo the open upper end 
daOy with 200 galloos being di sd i ar ged to die aewcr €^ final treatment tank 50. Pump 82 is interposed fa fine 
and 1^ gaDons being req^ded for reose. W. Recyde fii» 85 cxteafiqg from the task 50 at die 
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lower periphery of Hie cylindrtcal tectioa SZ tbeieof toaiKlcacteadtfram tfaeai^iericd top40of thettnk to 
looisbac^overthetopoftBak50aiiddeOymrec^ a horizoatal fine ^bout 4 bdxs below die ciieihr, 
Gquid intoUieopen eodthem^ Apunpttttp cifcomfenodaDy catfendiBg kvwer mar^ 

in line 86 while pH ooptroDer 90 a opcxMy o oimfxi c d dzicd8ectkii26Qrt>^28,tlms(fividiiigdieiqiperptft 
to pmnp 83 fbr ocntroOing d^very of siorry 5 offtetrcatmenltattkSiittoatreatiBentsectioottff^ 

tank 78 into tank 50. CToomlanf storage tank ft2 hat a die iqiper porta the task 28 into wUch the wa«e 
ddivery pipe 94 joined thereto which extends to the water is <firecied vialne 1^ and a settQng section 216 
open top oftaak 50 and Is provided witba feed punq) 96 (u. the upper portk» the tank 28 from wUAtbt 
therein. Hqnid is aDowed to egress from the tank throq^ 

An outlet line 98 having a pomp 100 extends from the 10 fieeFIO.3). 
lower part of final tre atme nt tank 50 to the failet of an sparged oontmnoody into the interior of tim> 

xxpsi^ sand filter IQI An ondet tine 104 esEtewfiqg nwnt t»mV a timn g h Kn ^ ^ m^ts^ fnnp> Wi«mj ^ 
frtnn the lower end of filter 102 is joined to the mlet of Qq^y cntn ait if^ the tank and to also provkle an 
a final filter 106 ulxkh has an outlet p^ 108 leading to i»rWii*t^ «nt«iy rf— nMwiw^p i^gf^t fa ttm rv) 
ftesewtf. Valve UO in fine 104 permits selective diiec- 15 to convert fiie mm oontamed in the waste water to 
^ ^^^ "^ mto^recyde storage tank 112 via ^p^^ However, the m^uor miiiqg of 

toem.R€^tanklMBm^ Ikiuk! m tiestmenr tank 28 is provided by led^^ 

pTMittewA^fslOT ofHqaidthioa^li.e32byp«np36L 
120^ the sand fiher 102 to the top qAencal section Sksm Mtonate and le^dl waste wider are 
40 of fiist treatment tank 28. Backwash water is sup- 20 ^wma in mmJv mil la ^ tTk/jkUjfv thm -iaAHiAj k 
pliedtofl.el^end«rfsaulfiterl02*,«ft«hw.ler p„.„ped5ffi2ii»to JTiSSrflSS^^ 

* i. » codnilliBg delivery of cdcfaam cutaiale dmy 
During the mamifiictmB ofle^ aad battenes, it ■ ftQ-i bd^vSi* M to fint tMimait imA a » 
fonvcDtiQiial to WBd> tie Iwtteries prior to pTfcugm g. 25 v. ■V^^T^"jT -ISwai^.^ aT.! 

DfeflflPfe siiray w8ahe& ^Zhe wash water' removes lead- wrtriHni cuhouale may leacfily be piini|>cd into Ae 

ual lead and sulfuric ackl wboeupon the batteries ase 30 

Mown dry. Waste water arftocted from Ihc washiqg 22 h» been fomdto be abom 80 popads of 

<^>etatioo is dbected via floor diams to Oe sump 10 gteom cai bonate pe r IflJO g^toos of waste w ster. 

along with the water used to wash plant Ikxir for amount reeved vary wiflim rdstnrety laige 

treatment to penmtrecycfing thereof to tte wash water fcmteanddg»eads inlaiy mcy^ 

systenis, with a certm proportion altowod to flo^ ik aad ^ « ooBtroOed m th^ 

a sewer fine. The waste water is inCe r mi t te nfly panmed n unufe c tn c ms &dhty. The nam owisider^am m that 

Willie U into file fint treatment tank 28 thton^ sop- figamomtf ofcddomcartyatefi^^ 

ply fine 14. The waste water from pun^ 10 k generally ment tank 28and the pmod of defivery filieseaf to the 

ffitff nitfKi with Hi(f wi? fr<r *^ ^yft?" ti tS n a e ^ttp^ifA*! tTcatm al >q ri be ooctPoi M jw ch that the pH 

in>S04. Total lead m file waste water caa rna as hi^ 40 »^ 

was 500 ppsn. In ad<fitioQ» tltt waste watier ooDected m tamedalapHorfio«aioort4,8to.5.Tims»coo^^ 

sump 10 typKaQycotttams shout 1% Qa^Oi^giviqg ibc iSf**^"* i pwchthalitimfi ^ opcBtfio n of pca y 

water a pH bekw 2. Ihm is normally pnsem at lev^ 22 tod«wcalcaim carbonate dn^ 

about 50 pimi li^k copper can be as hiigh as 10 i^mL . first treatment taiA 28 ii^bc&fliepH of die recycle w 

Knr ii pW ftftiimmSiig lAm^ l/inrym of lead per 45 OOf^iog ^ ^"""^ ^ "^ ^ * ^ ^ 

mnatth, t f>y ^^wnplay y ^fpft haitttiay inaA and flonr and filBtt fi l l K Ji o il fc tO Jji^Mliwig caerg iut i n n 0(f puay 

w»h systems wfll generate about UOO So 1300 galloas 22iiiiea fliepH of the sohaioa fa flie recycicBncai 
per day of waste water ooBbcted in sunv 18. The torn- rises to a lewdrf ahoat ill The c akanm ca^ — ^ 
^ *f i Hlm rf?f wfltfT win frf fi p | H"^"M** ^y reactswifiisotfinic acidtathc waste water to i 

tnwpgfptffre fff ftg plwtfr 50 w*l<^^mu sal&te which pr ffi|atB l ct from the sol 

F6r a typkalwadi water system »de8cra>o4 treat- CkSOiJ^ia la adfitiotwhoc^ 
ment ^awi]; 2^ shft n)<f finvy y yn^ u ih ig ^'^^'jfy waste watcrsBch sslead^ copper.a&danc icact with Ac 

hnatdy 1300 gaDont. Treatment of waste water m calcium caibuute to 'farm csrhooate ptecipitites 
tank28canbe a6ooapi)&hedooacontnmoasor batdi v^nch, akmg with the caldam solfiBte setfie to file bol- 
basis. Waste water collected in flonap 10 is pumped to 53 tomoffiketank28iarremowBlviafine60.ThemqQa|y 
vessd 28 via line 12 until file trcatmenct tank is sobstan- of fiie carbonate however reacts with fiiesnlfinka^ 
tiaDy filled wifii the waste water to he treated. Th^^ andisapeaedgOQi gas. 

ter, delivery of water, to fiie treatment .tank may be on Prom one to fioee txmes per day sc^ds vdnch have 
an httmnHtfinf hade nr g nhat)mri»n y Q q ntfw gQ TOfy, If thc ocdkcted fafiKkwcT cooical sectkmMof taDk28are 
fiow is controlled sudifiiat there fe adequate reaidettoe fio leoioved via fine ID dnriog operatian of pump CL Ihe 
tiine of file waste water in tank 28 to assDxe optininm hfe^ soSA oonteat fiquid deSvered from line fiD is do> 
piecq>itBtkn of calcium sulfate and heawy metal car- posited ob the IDicr paper 78 of filter 6i where cnch 
bonates v^iich setfie .ont of te solotiaB and aire re- soEds are feected by con v e y or 68 mto tfiecoBtahier 72. 
moved from fiie tank via fine 6BL In order to assore For most efficient operatioB of the filter Hfiie nit is 
coBection of solids at fiie bottom of fiictaB3t38» inclioa- 65 . prefenMjy of fiie ^ype iaiaing a vmMiiiin to be fcnposed 
tioa offiieciomcslwaD 34 atanaQ^orabo«t30^ has. on fiie oonvq^ bdt 68 with removed water beiag 
been found to prpdoce sathiftctory rftsntte The £vidcr directed via fine ^ back to MBppfy -line 12 flinw^gh Ae 
bafiQe42dcsird)^lspfadepihsudithatkisc(ai»cted . actkm of poop 76L SoBds ooPflcted fa co ntaln a 72 
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(which for example may be a 55 galloQ drom) are ait retoined to fine 66 via fine 56 imder die oootral of 

dripped to a landfilL pun^ 58 for filtexiag of sach nfidt m anociation with 

By vhtae of the hat tfut the waste water in fint those received from first treatant tank 28. The Uqiiidb 

treatment tank 28 ts not only reciiculated but also mnst tfaer^ retnmed to fizst tieata g nt tank 28 throogh fine 

flow beneath the lower edge ofbaffle 42 from leacticn 5 7< fine 12 and n^y line SC 

rone 280 to the qtnesoent sooe TBb, there ts efficient The dear saponatant rew ili gg frtun qnieacent set- 

mteireaction between the cakiom caibonate and the dii^ofsofidsfiromtiiewatte«ilertntank50is|nmiped 

sulfuric add and heavy metals contained in die waste via tiansfcr line 98 mider the coatzol of pnn^ 100 to 

water. liquid overflow from treatment tank 28 leaves sand filter 102 to remove smprndcd particles in the 
the latter via line 44 and is directed into die bokS tank 46 10 waste water. Backwasfaingofte sand filter 102 shook! 

by gnvity flow. The pH of the waste water leaving be carried out abont once a week with water being 

vessel 28 is in the order of 5 to 7 because die calonm supplied for dnspotposedoo^^ fine 22 and die resnlt- 

carbonate ooiitini K?* to react in the static sectkm 286 of ing solids removed being dfreded back into first treat- 

treamsent tank 28. The s(^uUe lead, copper and zinc in meot tank 28 dnoo^ line 1211 
the waste water leaving first treatment tank 28 have 15 The (fischaige from sand fitltr 102 b (firected via fine 

been found to be less than 0.2 ppm but the totals may be 104 to a three wqr valve lit widi one fine lOi dicre* 

above 10 ppm because of &ic paitidcs that are en- from going to the final fiher 191 while anodier fine 114 

trained in the fiquid. On the other hand, die solttUe iron returns water to die recycle tink 112 f^nch b oon- 

cootent has been determined to be less than about 0^ nected to the pressure wadi qfttcm 116 through One 
ppm if nTirfnririft hflts beca properly carried out in the 20 118. Tlie waste water treated each day b divided sncb 

reaction zone 28a of tank 28. DesiraUy, hold tank 44 b diat about an average of8>%flkxeofb returned to dm 

of a size to hold aboot 1*500 gaflOTS <^8(^ution where pressure wa^ system 116 wfa3e die rrmaiii i n g 20% 

tank 28 has a capacity of 1,300 gallons (althou£}i an goes to die final filter 106fornlthnatedb ch ar ge to tte 

emergency overflow hold tamk.of an additional 1,500 sewer vb fine liOS. The treated waste wtfcr leaving final 

gallaDS capadsy may be provided in association widi 25 filter 104 bnocmallywcflwiflMiitgolations established 

hold tank 44 if additknal bold capacity bdeared. by the EPA. However, final Ocr 106 desirably oontam* 

Preferably, the contents of the hc^ tank 46 are mg a 5 micron bag filter b a safe^r measure if a malfimo- 

punped once a day into the final treatment tank 50 vb tionc^sand filter 102 ocean farsome reason, <» if sraie 

-&ne4& An ai^nozim^ 12% by weight solids shiny of particnlariy fine material b not removed by settling in 
A mixtore of 20% CkOCh and 80% Oa(OI02 (providing 30 the final treatment tank and paoeddiroi^ filter lOlIn 

amoleratioofcaibonate to hydroxide of abont l:lG) b a pr e fe rred arrangement, recycfc tank 112 a of dimen- 

mized in feed tank 78 and paaapod into final treatment sions hokfing appnuimatdy 4<^ of water for sapptty 

- tank 50 tfarouf^ line 80 under the control of pump 8X to the plant pr ess ure wash ostam 116l 

Again the 12% ooooentzatioo of the caldnm carbonate- Orirtatio nof iron i^xUaiu ed a Ihewaite water while 

caldmn hydnmde mxztnre may rea£ly be pumped 3S the latter bbdd in tank 28 prevents fbnnation of a hard 

throofi^ line 80 to the tank 50. The ratk) <tf CaOCh to to filter iron preca|Htate in dK final treatment tank 50. If 

Ca(0H)2 is such » to provide an excess of carbcmate unoxidized iron b allowed to reach tank 50, filtratioo 

ions ia final treatment tank 50. Calcfmn hydroxide b pralilems can occur above pH 7 ^lotittg in ffab reflect 

necessary to raise die pH to the desired level fai the final diatdiepHofdiewaste wateiiDtankSDbdesiraUyat 

treatment Under ncnmal operating conditimis diere b 40 least abont 8 v^) to about 9% Fe(p^h>"^^fonns can 

litde, if any, reaction of calcium caibtmate in die treat- be very difficnh to fihei: Ak apatglug of die waste 

ment tank 50l The acdubllityoflead hydroxide (2.1 ppm water in the first ti e atment task 28 not only permits 

as lcad)b too higjli to meet spedficHtiontcflius, steps are ntiBntfTon of die air as aa af^U&m mafimn, but also 

taken to preclude formation of lead hydroxide in the assures oonvcsskm of the inm Id F^^O^^aiach precqii- 
process. Typical usage of Ga(0^h is tm more dian 45. tates and m^r be xeadly fibcnd oat in die Etbet §k 

about 8 pounds per 1,000 gaDoos of waste water. A particulaity impoilaat fatae of the present pro- 

Kfizfaig of the solution tatreatoient tank 50 b assured cess b the fact that a rdalivc^r jaripnisi wa c anim o dl i y 

by a slow tpOOd ^gFtfftff^ in die nature of a propeller nf rmmm^r^^ ^inM>tn«y.^ ofcam catfmmtg^Timy ^ly 

mixer 55. In m^ftf ioft j die sohitkm in tre atment taoik 50 eapkycd to effect removal cf saffbrie add and hwvy 

b redrcolated through line 86 under control of pomp SO metab fiom the battery acid liant waste water. lime- 

88. The pH controller 90 futtctionaQy coupled to ponc^ stonenotonly may be o btaia ed at a reasonable cost bat 

82 controls the opeiEtioa of the latter to feed die b availdile in a partkde site flat assures efficient reao- 

OaOQi— Ga(0^h slurry into treatment tank 50 upcm tionthereofwith die add and heavy metab in die waste 

demand. The controller ba4|ustedb^ween a pH of 8 jO water. Typk^Dy, calcium caAooate sold as paint ^g- 

and 9.0. When the pH of the soluticm reaches 9.0, opera- 35 ment or an f n^"**^ feed add&iue has a particle size of 

tion of pump 82 b disoontinned, whexoipmi the ooo- approximately 5 microns: Ocaahly, the caknun car* 

tests of treatment tank 50 are mixed for at least about i bosiate b of a particle size sadidiat at least about 90% 

hcmraxidtfaenananicmicpolydectroliteflocculantoba- win pass tfaxon^ a 100 meih aoeea. 

tained in tank 92 is ponqied via line 94 into the final In s|nte of die tow soUb^ of GaO(>3 in water, die 

treatment tank 50. A pr ef erred flocculant gtviog desir- 60 present process takes advanti^ of die feet duacaldnm 

able results has been found to be Mitfloc 51 snppfied by carbonate becomes more aoUUe in a sohxtkm saturated 

&£too IncoipOTBted, Grand Raptdt, Mich. After ap- widi COi, Since the reactkm of QzSD* widi GaOQs 

proxmiateiy 1 nmnite of mixing, the system b sihnt oS* reanhs hi release of OOidnasatarating widi die soln- 

and the contents of final treatment tank 50 are allowed tion of caibon rfknridfi the cariicaiate mn b iwiMat m 

to setde for from 2 to 24 boots and most prefera^y 45 sufiScieot supply to assure pi«4ittatkw of lead and 

about 20 homa. odier heavy metab as uuUjaatea. B wMd iae fo reonex» 

Heavy metal carboiiatfs and any readaal raVamn pectedly fomod, contrary to 4e teachiagi of die prior 

sulfate collected fai the bottom of final treatment tank 90 art as for cxanqik;, insfictfed k the abovereferenced 
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EPA DcvdopiDeDt Docameot, that dfecdve lemoval 
of lead and oUier heavy metals may be aooon^lished at 
a pH in the Older of S. 

AlthoQgib best tesolts are obcamed at die lead oott 
astng fimestone (GaOOa) as tbe pcecqntatiQg agent for 
the (olliiric add and heavy metals m the waste water, 
other alkali metal.and alkaline earth caxbooates may be 
employed. Suitable reactants in this respect would ia- 
diuie lithium carbooate; aodfom c ar bo nat e, potasam 
cflrtKMiatfti ' im^pewyp* .cftthQiiatei and barnun caiboo* 
ate. ' 

In die second treatment tank 50^ whcran calcmm 
hydroxide in association widi calcimn carbonate ii 
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-Idaioi: 

L In a mcdKxl of treaiiqg iadnstrial waste water firom 
M tead acid bfltteiy. TnaiiuCK4aiBi^ ^^ant offp tffwtiwt^^ 
added to die waste water, Ci(OH)z is die addidve of is widi en vir o nm entally nawoepCahle amounts ^snlftaic 
cbdioe for cost reasons but agBB odter alkaifi metsA JUM^ >cid ak>ng widi lead and copper to lower the ooncentxa- 
aD^afine eaidi bydroxkles would be usable socb as fitlH don diereaf to levels peuuiltivgcfiscfaaz^ of the water 
iom hydroxide, sodium hydraxale, potassium hydros- to a sewer, die improved st^ fi£ 



ide, and barium l^draxide; Use of salts dat form st^n* 
ble metal sul&tes wiQ cause a buildtq) of diat aietal saU^ ^ 
in die water dins prechirfTng recycling of the treated 
waste water even dioogih lead, copper «nd zinc are 
removed to desirable sewr (fiscfaarge levels. 

Rcindts obtained £tmi pm 
invention on an actuslplant bass may be summarized as 
Mows (21 days actual plant opemtion> 



Uid 



Dt9 


Lot 


To 


pK Fm 


LhL 
To 


PPM 


Lfaa. 


1 


lom 




SJ7 OlO 




OU 




2 


lOUt 




7j9 ai< 




<O10 




i 


IQ2& 




8j07 OI3 




OM 




4 


IQ3S 


130 


8.n ai7 


OOOOIS 


OIO 


OJOOOII 


5 


IQSR 




9.16 021 




03T 




■ 6 . 


i06S 


910 


Kuz oun 


O000S3 


<O10 


000076 


7 


107R 




9aS 1X05 




<oio 




S 


idSR 




-7.25. OU. 




<O10 




9 


i09S 


270 


9JS OlO 




<O10 


Qu00023 ' 


10 


IMS 


: 210 : 


7J0 016 




<O10- 


OOOOIS 


11 


nut 




9w«4 014 




<O10 




U 


112S 


730 


6l51 OU 


000073 


019 


OQ0U6 


i3 


113R 




093 006 




014 




14 


IMR 




6JB OOS 




<O10 




15 


IISR 




7J1 dOB 




019 




.16 . 


IMK 




7j05 tUS 




<O10 




17 


ins 


- MO 


tA2 am 


ojoom 


<O10 


ftffWQlO ' 


IS 


118S 


310 


7.13 OQ9 


OuOtWOS 


<oto 




19 


119S 


30 


7J1 ao9 


. OUOOQOl 


<0LlO 


000009 


20 


120S 


SO 


8JDI om 




<:oio 


OlOOOD? . 


-TOTAL 




2910 




000210 




O00S9S 



35 



45 



Lead Oaiaamed: 729^ 
Dsyi PkuduolioBt 21. 

HPA Allowable Dndanee:: 
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j^t^ttfi^ an ftii^oonf of sa s^ka£oe ^^rt^ ^rwrt?ftmrty s^^ 
lected from the. group ooDBsting calcium, nntg- 
^ y^BiiifH iMwl banuD csrbonate ^^^^ ^aizturcs thereof 
to die waste water to rssfiaDy raise die 1^ thereof 
to a levd >/^iich ii c^ecaDy oondodve to prBcqi- 
tatiosi of lead and oo|)percarlionate and fonnatton 
of an aOcaliiie eardi s^ae from the sttlfvri^ 
dKamount of alka&eeactt c ar bo nate : added to tte 
waste water being sofGciest to raise die pH of die 
waste water to afevd of riwut 4 to sboot S to cAbcS 
fofinstion of an adeqpssle qaaodty of alkaline cardi 
solfktc and pirci|stif cflead and copper carbon* 
ate soch that vptM rcmovsl of die precipitates, 
waste ¥rater may bedbchirged to the sewer which 
meets enviroomenlii xcttrictions imposed op die 
• di&ffhsrgp, 

a NMt < >" ii' of *iif*itn» taA car bo na te and *7fc^iw*» 
earth hydrpoade ii added ifairing the second adifi^ 
tion and remora^g lesd snd copper carbmate pfie- 
ftilHtatfff from ^bc wastewater poor to if "^-^^f Tg 
the latter to die sewer. 
X la a mediod of treafiog ndnstrial waste water as set 
Cprtfa in daim 1, vteca tt^pstiog die pH^the waste 
water IbDowing the adttkB atibc slkaBitt earth car* 
bonate fliereto, to alevd shove about 7 by additioo of 
m alkalioe eardi hydroodebclQreefiectiag removal «f 
precipitates from the waste wster fhercby prevenliqg 
die rrdiswVhrtion of saveaded lead and copper caibow- 
ates; and die mole ratio of csrtooate to l^texzide in the 
second addidoa to die wte water ii about 1 to IQL 

3Jtt a inediod of tresfiqg Istatnal waste water as set 
fiotd^ in clsim 3, ii^ierciB die step of a4|usdi% the pH of 
die wnte water to a vabe above abbot 7 w^ an alka> 
fine eardi hydroxide is frffTTWf out in a.fflanner to cause 
the waste water to have a pH of about 8 to 9 prior to 
discharge of the wisste water to die sewer. . 
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